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EXECUTIVE SUMMARY 


Recognizing the need to protect the high quality environment of the Flathead 
River Basin, Congress in 1977 directed the Environmental Protection Agency (EPA) 
to study the possible environmental impacts of resource development in the 
Flathead River Basin. The study is to be carried out over a five-year period. 

This report summarizes the first two and one-half years of air quality and 
meteorology data collected by the Air Quality Bureau of the Montana Department 
of Health and Environmental Sciences. Air quality data presented includes par- 
ticulate levels, particle size, sulfates, nitrates, and visibility. 
Meteorological data includes surface and upper air wind patterns, stability, and 


mixing heights. 


TABLE 


Executive Summary . « « « « « e« 


habe o£“ Contents: 6s ele Bie % 


ese OF «TADLeSi)'stueeite 6 ho. 6 Aleit 


bei OLS PLOUTeS LPG 6. swe S 


tee IME ROdUCERONE Bae sos ete 


II. Ambient Air Quality .... 


Ag (Part teulakes is es fe ke 
B. Sulfates and Nitrates . 
Ge Visibility e@ @ e@ e@ @ @ @ 


Til. Meteorology: 26.5 6 (ci 6s 


A. Surface Meteorology .. 
B. Upper Air Meteorology . 
C. -Acoustic Radar . 2... 


IV. Summary 
Appendix A: 
Appendix B: 
Appendix C: 


Appendix D: 


Surface Wind Roses 


Monthly Temperature 


OF 


CONTENTS 


Soundings 


Upper Air Summaries .... . 


Acoustic Radar Summaries 


abs 


Digitized by the Internet Archive 
in 2015 


https ://archive.org/details/flatheadriverbas 1981 coef 


Table 


Table 
Table 


Table 


Table 


Table 


ee ee 
HQHTtODMmAGTAwW PSP 


ee) 
! 


ee 
mMoaw SP 


> 
! 


LIST OF TABLES 


Flathead Basin TSP Levels 1978 through September, 1980 


- Moose City Total Particulate Data bo tec! Yen ite (Ye 
- Columbia Falls NAAC Total Particulate Data. . 
- Columbia Falls-Anders Total Particulate Data . 
- Kalispell Airport Total Particulate Data... 
- Kalispell - Strom Total Particulate Data... 
- Kalispell - Evergreen Total Particulate Data . 


- Kalispell - Universal Athletics Total Particulate Data 


- Big Fork Total Particulate Data .«....e.. . 
—" Polson! Total® Particulate Data: << + + « * « * % 
- Ronan Total Particulate Data GP tei iton te ireurite: ive 


- Polebridge Fine Particulate Data . . . ...e. 
- Columbia Falls - Anders Fine Particulate Data 
- Kalispell Airport Fine Particulate Data ... 


- Kalispell - Universal Athletics Fine Particulate 


- Polson Fine Particulate Data Sui sie uivention iecneouture 
Kalispell-Airport Scattering Coefficient .... 


Holzworth Lapse Rate Categories .. . « « « « e« 


Average Monthly Morning and Afternoon Mixing Heights at 


Kalispell Airport Site e e e @ @ e e@ e e e e e ® 


41 


42 


Kalispell Airport Site - First Inversion Occurrence Frequency 43 


Kalispell Airport Site - Percent Frequency of Occurrence of 


Stability’ Classification by; Month. . 2%. «. « 


iii 


44 


ee) 
y 


2 GBEL jiedmed qs?) riguo rt 


Phy } 


LIST OF FIGURES 
Page 


Figure 1 ri Map of Study Area e e @ @ e ® e e @ e e @ ® ® @ @ @ @ @ @ 45 


Riouce 2=A — Moose City Hi-Vol Trends: 0 5)0 6 0 6 0 0 0 6 4 oe 8 46 
2-By— Columbia Falls .NAAC, Hi-Vol Trends... °.\0 «0 «., 0, 8,0. 47 
2-C - Columbia Falls - Anders Hi-Vol Trends ....<« «eo. 48 
2-D)v= Kalispell — Airport, Hi-Vol Trends)... 0, 0 6 6.0. «6 49 
2b Kalispell = Strom HitVol Trends)... 1 16 10) 0 «6 6 0 «0 50 
2-F - Kalispell - Evergreen Hi-Vol Trends . . Se) eres? e 51 
2-G - Kalispell - Universal Athletics Hi-Vol Tend See at eae 52 
2a bam Ork HieVOd Trend GS, | io. ic cee je ei 0 10) ei yo. when 0 ge Sure 53 
2-0 ~ Polson Hi-Vol Trends |) e606 sce 8 eee eis else eo 8 54 
2 dee ROMAN HAW Ob PE CNS: ‘6; 6 s,s Viele (6 sei 6) me 8 oh fee ele 55 


iv 


aie 4 


te 
hides 


wee 4 ae 
“it ses : 
. my 
2 os, 
‘ =: eo 
. 2 ek 
f . 
a . 
, 
. 
F F 
, 
. 
vo 
. 
ca, & i 
, ‘ 
a 
: + 


I. INTRODUCTION 


Recognizing the need to protect the high quality environment of the Flathead 
River Basin, Congress in 1977 directed the Environmental Protection Agency (EPA) 
to study possible environmental impacts of resource development in the Flathead 
River Basin. In response the EPA cooperated with state and local government 
bodies and interested individuals to establish the Flathead River Basin 
Environmental Impact Study. 

The Flathead Study is directed by a 15-member Steering Committee composed of 
a representat ive of EPA, state government, the Confederated Salish-Kootenai 
Tribal Council, local governments, area citizens, and several federal agencies. 
The overall goal of the Steering Committee, and of the Flathead Study itself, is 
to provide a data base to help citizens, government and industry in the Flathead 
River Basin make decisions concerning the environment. More specifically, the 
Study will develop the analytical ability to assess potential impacts and pro- 
vide necessary management tools to control the various levels, types, and loca- 
tions of developmental activity. 

The Air Quality Bureau (AQB) was requested by the Steering Committee early 
in 1978 to assess the need for additional air quality studies and prepare a pro- 
posal for the air quality work. The AQB identified five specific goals or needs 
for the Flathead Basin air quality studies. These goals were: 

1. To quantify the existing air quality within the Basin; 

2. To identify existing levels and sources of air pollution which affect 
the Basin; 


3. To quantify the meteorology of the Basin at both low and high altitudes; 


4. To develop the capability to assess the effects of man's activities upon 


the air quality of the Basin; and 


5. To develop guidelines to protect and: enhance the air quality of the 


The air quality monitoring study plan specifies several objectives, broken 


down by year for the five study years. 


During the initial year of study, June 1978 through June 1979, the upper air 


meteorological system that had been operating at the Glacier International 


Airport continued to function. Two surface wind stations also were installed . 


and operated in the area. A contracting meteorologist was hired to handle the 


instrument operation and data analysis. The following sites were monitored with 


the samplers listed during 1978: 


Moose City (Canadian border) (see Figure 1) - high volume sampler 


(total 


suspended particulate) 


Polebridge - dichotomous sampler (particulate sizing instrument) 


- surface wind station 


- temperature 


Kalispell - 


pilot balloon program (upper acct wind flow) 

temperature sonde system (inversion heights and temperature 
lapse rate) 

acoustic radar (relative stability, mixing heights, and 
inversion heights) 

surface meteorological system (pressure, wind, temperature, 
dewpoint 

nephelometer (visibility) 

pyranometer (two wavelengths - total solar radiation) 
pyrheliometer (two wavelengths - direct solar beam) 


dichotomous sampler 


Ronan — high volume sampler 
Polson —- dichotomous sampler 
- surface wind system 
Several other AQB monitoring sites were continued in operation: 
Columbia Falls area - high volume samplers (two) 
- surface wind system 

Kalispell - high volume sampler 

The AQB also provided analysis of the particulate filters for nitrates and 
sulfates. 

During 1979 the various sites started during 1978 were continued. In addi- 
tion high volume air samplers were installed at the Kalispell Airport, Polson, and 
Big Fork sites, and particle size instruments were installed adjacent to the high 
volume samplers in Kalispell and Columbia Falls. These instruments provide 
valuable data on the amount of respirable and non-respirable suspended dust in the 
air. In November 1979 the surface wind system at Columbia Falls was moved to Big 
Fork. A report that summarized the data collected through June 1979 was prepared 
in September 1979. 

In 1980 data collection continued at all sites and a detailed inventory of 
area and point sources of particulate and SO) air pollution in the Basin was 
prepared. The source emission inventory was submitted to the Steering Committee 
in June 1980. 

This report summarizes data from the air quality and meteorology studies 
through September 1980. 

A second upper air monitoring site was installed at Ninepipe National 
Wildlife Refuge near Ronan in the fall of 1980. Balloon flights commenced 


January 5, 1981. The Ronan-Ninepipe site is being operated in cooperation with 


the Salish-Kootenai air monitoring office. The upper air information collected 
at the Ronan-Ninepipe site will be added to the data base for the modeling 


Study which will commence in 1981. 


II. AMBIENT AIR QUALITY 


A. Particulates 

Two methods of particulate monitoring have been used in the Flathead Basin 
Study since its inception. The first method uses a high volume air sampler 
(Hi-vol). This sampler draws ambient air through a pre-weighed glass fiber 
filter at a known rate of flow for twenty-four hours (from midnight to midnight) 
each sample day. Samples are collected every six days. The filter is re- 
weighed after exposure and the difference between the sample and tare weight of 
the filter is divided by the volume of air sampled to calculate the con- 
centration of particulate in micrograms per cubic meter. The filter used is 
highly efficient for particles down to .01l microns. The hi-vol shelter 
construction imposes an upper size limit of 200 microns barring wind effects. 
This large size range of collected particulates that were suspended in the air 
(or falling relatively slowly) is the basis of the term "total suspended 
particulate” which is used to describe hi-vol results. Total suspended par- 
ticulate (TSP) levels were monitored at five sites in the Basin in 1978, at 
eight sites in 1979, and at eight sites in 1980 (Table 1, page 23). The map 
(Figure 1) shows the location of sampling sites used in the Flathead Basin 
Study. 

Table 1 summarize the TSP levels at all sites for the years 1978, 1979, and 
1980. The values listed for each site are highest and second highest TSP levels 
for the year and the arithmetic average. The data clearly shows the influence 
of population density, industrial and agricultural activities on TSP 
concentrations. The lowest concentrations are at the Moose City, Columbia Falls 
- NAAC, and Big Fork Sites while the highest levels are at the Columbia 
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Falls-Anders, Kalispell, Polson, and Ronan sites. Annual average concentrations 
for these last four were all above the Montana standard of 75 micrograms per 
cubic meter during 1979. The nine months of data for these sites during 1980 
also show average concentrations in excess of the Montana standard. 

Tables 2-A through 2-J show monthly trends in TSP levels at the Hi-vol 
sites. These levels are also presented graphically in Figures 2-A through 2-J. 
The sites with low levels of TSP do not show any strong seasonal trends while 
the sites with high average concentrations show quite significant changes with 
peaks during late spring, early summer, and the beginning of the fall months. 
Lower levels are prevalent during late fall, winter, early spring, and late 
summer months. 

The second device used for measuring particulates in the Flathead Study was 
the dichotomous sampler. This sampler works on the filter technique much as 
the hi-vol does, Se nieew ies is limited to a much smaller size range. Two 
filters are used, one collects particles less than 2.5 microns in size and one 
collects particles between 2.5 microns and 15 microns. Particles larger than 15 
microns are not collected by the dichotomous sampler so its results cannot be 
compared directly with hi-vol results. Three sites in the basin were equipped 
with dichotomous samplers in 1978 and 1979. These were Polebridge, Kalispell- 
Airport, and Polson. During 1980 two more dichotomous samplers were installed 
at the Columbia Falls-Anders, and Kalispell-Universal Athletics sites. Data 
from the dichotomous samplers are presented in Tables 3-A through 3-E. The 
lowest concentrations of fine particulate are found at the Polebridge site. The 
Polebridge data shows a seasonal pattern with higher concentrations of both size 
ranges during the summer months. The percent increase during oe Summer months 


is much higher in the large 2.5 to 15 micron size range than that in the less 


than 2.5 micron range. This shows that concentrations of the larger particles 
are much more responsive to increased activity levels than that of the small 
particles. This relationship holds between sites also. Small particulate con- 
centrations (less than 2.5 microns) do not vary nearly as much from site to site 
as do the large particle (2.5 to 15 microns) concentrations. The highest 

levels of total fine particulate have been measured at the Columbia Falls - 
Anders site and the Kalispell-Universal Athletic Site. These sites also have 
the highest TSP levels. The Polson and Kalispell-Airport sites exhibit similar 
characteristics and generally have concentration levels between those of the 


high and low sites. 


B. Sulfates and Nitrates 

sulfate and nitrate analysis were performed on the filters from the high 
volume samplers from all sites except Kalispell-Evergreen. Monthly arithmetic 
means and maximums of sulfate and nitrate are presented in Tables 2-A through 
2-J along with the TSP values. The values are generally highest in the more 
urban or industrialized areas and lowest in the rural areas. The highest value 
(12.8 micrograms/cubic meter) was recorded at the Columbia Falls-NAAC site on 
February 1978. This site has sulfate values similar to those at the Columbia 
Falls-Anders site even though the TSP levels are only about one fifth as high. 
This is probably due to the Aluminum plant nearby. The average sulfate values 
at the Moose City site were the lowest and those at the Kalispell-Strom site the 
highest. 

The nitrate levels were uniformly lower than the sulfate levels but exhibited 
much the same pattern. The highest nitrate level recorded was 10.9 micrograms 
per cubic meter in February, 1980 at the Kalispell-Universal Athletics site. 

The lowest nitrate value recorded was 0.3 micrograms per cubic meter at the 


Moose City site. 


€.. Visibility 

Visibility related measurements were taken in the Flathead Basin using a 
variety of techniques. Data was collected from a 5-channel sun photometer, a 
diffuse radiation system, and an integrating nephelometer. The sun photo- 
meter and diffuse radiation measurements were severely affected by the often 
prevalent fog in the valley and also were only effective during the day. 
Currently, visibility measurements are taken by the integrating nephel ometer 
which has been in continuous operation since September, 1978. 

The nephelometer measures a scattering coefficient over approximately a one 
meter interval using an artificial light source. Table 4 summarizes the scat- 


tering coefficients measured at the Kalispell-Airport site over the length of 


the study. The results show a strong trend toward higher scattering coef- 
ficients and therefore reduced visibility during the winter months. This is due no | 
doubt to the low mixing heights that are prevalent at that time. The scattering 
coefficients show a strong correlation (0.94) with the concentrations of fine 
(less than 2.5 microns) particulates measured by the dichotomous sampler at the 

site during the winter months. The correlation between the two is lower (0.45) 


during the summer months. This difference may be due to humidity effects during 


the summer months. The highest mean monthly scattering coefficient was 32 in 
January, 1979. The lowest was 8 in April, 1980. Montana currently has set a 
standard for annual average scattering coefficient of no more than 3 in 


(Prevention of Significant Deterioriation (PSD)) Class I areas. 


III. METEOROLOGY 
A. Surface Wind 

Surface wind Phe have been collected at eight sites in the Flathead River 
Basin. Data from January 1978 through September 1980 are considered in this 
report. Monthly wind roses for these sites are included in the Appendix. 

The Brant site, located in a field about 200 yards south of Glacier Park 
International Airport, was operated from March through May 1978. The most con- 
mon wind direction was from the south during all three months, with a secondary 
maximum of wind frequency from the north through north-northeast during March 
and April. The least common wind direction was east-northeast through east-southeast 
during all three months. Average wind speeds were light, ranging from 0.5 to 
2.5 meters/sec. The strongest winds were generally from the north through 
north-northeast, while lightest winds were generally from the east. Calm con- 
ditions were uncommon, occurring from 0.9 to 3./7 percent of the time. 

In June 1978 the Brant site was moved to the second Airport site, which was 
located adjacent to. the parking lot at Glacier Park International Airport. Data 
were collected at this site until October 30, 1980, when the site was moved 
to its current location near the U. S. Forest Service's Slurry Bomber Loading 
Station at Glacier International Airport. The most common wind direction at 
this site was south-southeast or south during all months except November 1978 
and March 1979, August 1979, and January 1980, when north-northeast was most 
common, January 1979, when the prevailing wind was from the north, and November, 
1979 when southwesterly winds prevailed. A secondary maximum of wind frequency 
was noted during all months except September 1978. This secondary maximun was 
from the north through north-northeast during most months, except for November 


1978 and March 1979, when it was south-southeast, January and May 


1979, when it was from the southwest, and October 1979, November 1979, and April 
1979, when it was from the northeast. The least common wind directions during 
all months were east-northeast through east-southeast. Average wind speeds 
ranged from 0.4 to 6.5 meters/sec and were strongest from the south except for 
the months November through March, when winds from the north-northeast were 
strongest. The lowest average wind speeds were from the east during all months. 
Calm conditions were observed only in April 1979 (0.8%), June 1979 (0.1%), and 
October 1979 (1.4%). Wind speeds were lowest in the winter months (November 
through February). 

The Columbia Falls-NAAC site is located about two miles north of Columbia 
Falls, and about one mile north of the Anaconda Aluminum Company. Data was 
collected there from January 1978 through October 1979. This site is 
located in a small side valley that drains into the Flathead Valley. It shows a 
Significant diurnal mountain valley wind system that is most notable in the 
spring and least apparent in the winter. During the nighttime the winds blew 
down the valley from the northwest through north (41 percent annually) at an 
average annual velocity of 2.1 m/sec. During the daylight hours, generally 
Starting several hours after sunrise, the winds blew up the valley from the 
south-southeast through the southwest (27 percent annually) at an average annual 
velocity of 2.5 m/sec. This event is most dramatic in the spring when the wind 
Speeds are greatest and the directional wind shift most distinct. 

The prevailing wind at this site was from the northwest through north during 
all months except January 1979 (west-southwest) and February 1979 (south). A 
secondary maximum of wind frequency was observed from the south-southeast 
through south-southwest during all months except February and April 1978 and 


January 1979, when it was from the east, and February 1979 when it was from 
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the north. The least common wind direction was east-southeast through sout h- 
southeast except for August through October 1978, when northeast through east- 
northeast were least common, and January through April and June 1979, when 
winds from the south-southwest through west-southwest were least common. 
Average wind speeds here were higher than those at other sites in the area, 
ranging from about one to twelve meters/sec, and averaging three to five 
meters/sec. The highest average wind speeds were from the east, and the lowest 
were usually from the southwest through northwest. Calm conditions were 
observed less than 2 percent of the time, except during June 1978 when they 
occurred 5.8 percent of the time. 

The Polebridge site was located at the Polebridge Ranger Station just inside 
Glacier ese Park. It was in operation only from September 1978 thr ough 
November 1978. This site showed a bimodal wind direction frequency. The wind 
blew from the north-northeast to northeast 33 percent of the time at a light 
velocity of 0.5 meters/sec. This was probably a nocturnal drainage wind down 
the valley. The other maximum occurred between the south-southwest and 
west-southwest. The wind blew from this direction 32 percent of the time at an 
average speed of 1.5 m/sec. The least common wind direction was from the east- 
Southeast through the south-southeast from where the wind blew less than one 
percent of the time. Calm conditions were noted here about two percent of the 
time. It was found that the Ranger Station proved to be a poor site location, 
as it was too close to the main channel of the North Fork of the Flathead River 
to give a fair distribution of wind directions. The main channel of the river 
ran on a line southwest from the site, thus accounting for the wind direction 
maximum from the southwest quadrant. There also proved to be too many tall 


trees and buldings in the vicinity of the instrument. Strong winds were dan- 


aE 


pened which resulted in the generally light winds recorded at this site. 

The Polebridge site was moved two miles north to Big Prairie, also inside 
Glacier National Park, in November 1978. The recorder was in operation here for 
One month, but had to be shut down in December 1978 due to severe winter weather 
and was not re-started until May 1979. The site was operated until December 1979 
and again shut down by weather until June 1980. The Big Prairie location showed 
wind patterns that were similar to the Ranger Station except that the wind 
Speeds were greater. The primary maximum occurred from the north through the 
northeast direction. The wind blew from these directions 55 percent of the time 
at a velocity of about one m/sec. This was probably a nocturnal drainage wind 
down the valley. The secondary maximum was from the south to southwest (23 
percent) at a velocity of 2.7 m/sec, except in May 1979 when the secondary maxi- 
mum was from the southeast. Another significant wind direction was west- 
northwest through north-northwest (11 percent) at a velocity of 2.5 m/sec. The 
least common wind direction was east-southeast to south-southeast (4 percent) at 
a velocity of about one m/sec. Calm conditions were not observed here in 
November and December 1978, but occurred 8.8 percent of the time in May 1979 and 
6.2 percent of the time in June 1979. 

The Geis site was located two miles south of Columbia Falls, a short 
distance to the east of Highway 35. Data used for this report cover the period 
from January 1978 through May 1978. The prevailing wind here was from the north 
in January and February and from,the south in March, April and May. A secondary 
maximum of wind frequency was noted from the south during January and February 
and from the north during March, April and May. Average wind speeds varied from 
about one to five meters/sec, with the highest speeds from the south, and the 


lowest from the east. Calm conditions were never observed here. 
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The Polson site was located about one mile east of the city of Polson close 
to the intersection of Highway 93 and Highway 35. Data collection began there 
in October 1978 and continued until August 22, 1980, when the equipment was 
moved north of the highway. The prevailing wind at this site was from the south 
or south-southeast during all months except April 1979, when it was from the 
north. A secondary maximum from the north-northwest through north-northeast was 
observed during all months except April 1979, when it was from the south. The 
least common wind direction was east-southeast or east-northeast during all 
months except March, when it was southwest. Average wind speeds were low, 
ranging from about 0.5 to 4 meters/sec. The highest average speeds were from 
the south, and the lowest were usually from the east. Calm conditions occurred 
from 0 to 5 percent of the time. 

The Big Fork site is located at the Flathead National Forest Ranger Station 
on a hill just west of Big Fork. Data collection began there in November 1979 
and has continued to the present. Average wind speeds have been low, ranging 
from about 1.5 to 2.5 meters/sec. 

Although each of these wind sites are separated by considerable distances, 
all of them show similar distributions of wind directions. Basically, two 
maxima occur, one from the north and the other from the south. The primary 
reason for this is that the axis of each of the valleys in which the sites are 
located in runs basically on a north-south line. The least common winds were 
from the east through the southeast. Probably the steep mountain barriers that 
form the eastern boundary for each of these valleys influences this. Wind 
directions from the southwest through the northwest are generally evenly 


distributed. 


LS 


Strong northeast winds are indicated at both the Airport site and at 
Columbia Falls-NAAC site. These winds can sometimes be very strong averaging as 
much as 17 m/sec. This type of wind does not seem to be as significant in the 
Polebridge-Big Fork areas. 

It would appear that Flathead Lake affects the winds at both the Airport 
location and at Polson. Gusty winds from the south are noticeable during the 
afternoon hours at the airport. They average between 2.5 to 3.0 m/sec but some- 
times they can be as high as 9.0 meters per second. This phenomenon begins in 
late March and continues through September. The Polson data presented in this 
report covers the autumn and winter months. The Flathead Lake would tend to be 
a warm surface at this time of year and should act as a drain for signa ae winds. 
This is substantiated somewhat by the dominant wind direction from the south as 


observed here. 


B. Upper Air 

Pilot balloons with temperature aa ie attached were launched from the air- 
port site six times per week (Monday, Wednesday and Friday at one-half hour 
after sunrise and at 1400 MST). Monthly summaries of surface and upper level 
Winds were prepared and are included in the appendix of this report. The data 
available are from the period June 1978 through September 1980. 

An analysis of the morning wind summaries indicates that morning surface 
winds are generally from the north-northwest through noren during the summer and 
autumn months, and from the southeast through south-southeast during the winter 
and spring months. The only exceptions to this pattern occurred in January 1979 
and 1980, when prevailing surface winds were from the north, June 1979, when the 


prevailing winds were from the west-northwest, and June 1980, when they were 
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north-northeast. Prevailing wind directions at 100 and 200 meters above 
ground level were generally very similar to those observed at the surface. At 
200 or 300 meters, the prevailing wind direction shifted to the southeast 
through south-southwest during most months and remained nearly constant up to 
2000 meters. 

During the afternoon soundings the prevailing surface wind direction was 
southeast through south during nearly all months. The only exceptions were 
September 1978 and May 1980, when the prevailing winds were from the west- 
southwest through west, January 1980 when the prevailing winds were from the 
southwest, and December 1978, when the prevailing winds were from the northeast. 
Wind directions up to 500 meters above ground level were similar to those 
observed at the surface. Above 500 meters the wind tended to veer with height, 
usually becoming west-southwest through west at 1500 meters and generally west 
through northwest at 2000 meters. Above 1000 meters above ground level, morning 
and afternoon wind directions were very similar. 

Average surface wind speeds during the morning soundings were light, ranging 
from 0.4 meters/sec in July 1980 to 3.4 meters/sec in December 1978, and 
averaging about 2 meters/sec. Wind speeds increased sharply with height, 
becoming two to three times greater at 100 meters than at the surface. Above 
100 meters the wind speed generally increased slowly with height, typically 
becoming 1.5 to 2 times greater at 1500 meters than at 100 meters. A seasonal 
trend in wind speeds was apparent, with greatest winds at all levels occurring 
in the winter months and lightest wind speeds occurring during the summer 
months. 

Average surface wind speeds during the afternoons were generally two to 
three times greater than those in the mornings, averaging from 1.0 to 5.0 


145) 


meters/sec. A seasonal trend was apparent here too, with ie greatest average 
wind speeds occurring in the autumn and spring months and the lightest winds 
occurring during the summer and winter. yep ane wind speeds increased with 
height, typically becoming about twice as strong at 500 meters as at the 
surface. Above 500 meters, average morning and afternoon wind speeds were very 
similar. 

From the temperature sonde traces, monthly summaries of inversion base 
height, thickness, and Holzworth classification were prepared. In the Holzworth 
scheme, inversions are classified from one to five according to their strength, 
with one being the weakest and five the strongest (Table 5). 

An analysis of the morning inversion summaries indicates that the most com— 
mon inversion base height was the surface during all months except January 1979, 
when base heights between 101 and 250 meters were most common. The most com- 
mon thickness of these surface based inversions was 101-250 meters during most 
months, except for the winter months, when a thickness of 1-100 meters was most 
common. The most common thickness of elevated inversions was from 1-100 meters 
during most months, with a few scattered months having thicknesses of 101-250 
meters the most common. The most common Holzworth classification of surface- 
based inversions was 3 for most months, with the most significant exceptions 
being in October, November dad Webeabee 1978, when type 4 inversions were most 
common. Elevated inversions were generally weaker than surface based ones, with 
types 2 and 3 being the most common. No seasonal variation was apparent in the 
strengths of elevated inversions. 

The most common inversion base height during the afternoon soundings was from 
1001-1500 meters or 1501-2000 meters during most months. The most significant 
exceptions occurred in December 1978 when bases of 1-100 meters were most 
common, and February 1979, when surface-based inversions were most common. 
Surface based inversions did not occur at all except during January and February 
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1979, and only in February were they common. The most frequently observed 
thicknes of surface-based inversions was 101-250 meters. The two most common 
thickness of elevated inversions were 1-100 meters and 101-250 meters during all 
months, with no obvious seasonal variation in thickness apparent. The most con- 
mon Holzworth classification for surface-based inversions was one in both 
January and February 1979. The most common Holzworth classification for ele- 
vated inversions was three during the winter months and generally one or two 
during the other months. 

Monthly summaries of mixing height, average wind speed through the mixed 
layer and average lapse rate below the first inversion were prepared and are 
included in the appendix of this report. An examination of the mixing height 
Summaries indicates that the most common morning mixing height was from zero to 
(100 meters during all months except January and February 1979, when it was 251 
to 500 meters and March 1979, when mixing heights of 101-250 meters were most 
common. The afternoon mixing heights also showed a seasonal pattern, with 
mixing heights greater than 1500 meters being most common during most months, 
except for December 1978 through February 1979, when mixing heights of 101 to 
250 meters were most common and March 1979 when mixing heights of 501 to 750 
meters were most frequent. 

The distribution of mixing heights has important implications for air 
quality since it indicates that dispersion would be seriously inhibited during 
the winter when mixing heights tend to remain low throughout the day. 

The average wind speed through the mixed layer in the mornings ranged from 
2.2 meters/sec in June 1979 to 6.2 meters in September 1978, and averaged about 
4 meters/sec. Highest values were noted in the autumn and spring, and lowest 


values occurred in the summer. During the afternoon soundings, the average wind 


1Ly/ 


speed through the mixed layer ranean from 4.2 meters/sec in March 1979 to 8.0 
meters/sec in September 1978, and averaged about 5 meters/sec. No obvious 
seasonal variation was apparent. 

The average lapse rate below the first ingeeeion during the morning soun- 
dings varied from -0.66 deg C/100 m in August 1978 to -1.62 deg C/100 m in July 
1978, and averaged about -1.0 deg C/100 m. During the afternoon soundings, the 
average lapse rate below the first inversion ranged from -0.41 deg C/100 m in 
February 1979 to -2.59 deg C/100 m in July 1978, and averaged about 1.4 deg 
C/100 m. No seasonal trend was apparent in the morning soundings; however, 
during the afternoon soundings the winter months appeared to have a lower 
average lapse rate than did other months. 

Average monthly temperature traces showing the average variation in tem- 
perature from the surface to 1800 meters above ground level were prepared from 
the individual pilot balloon runs, and are included in the appendix of this 
report. These were performed to determine graphically a value for the average 
monthly morning and afternoon mixing height. One problem in determining average 
monthly mixing heights has been the uncertainty of how to handle cases of unli- 
mited mixing heights, e.g., cases where the dry adiabat does not intersect the 
temperature trace. The graphical method used was to plot. average temperature 
versus height, and then to draw a dry adiabat beginning at the surface at a 
temperature 3 degrees C warmer than the surface temperature for morning traces, 
or 2 degrees C warmer for afternoon runs. The height at which the dry adiabat 
intersects the temprature trace is the mixing height. Values of morning and 
afternoon mixing heights derived in this manner appear in this report (Table 
6). 


An examination of this table indicates that average morning mixing heights 
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were generally less than 250 meters, except for December 1978 and 1979, February 
1979, and 1980, November 1979 and March 1980. A seasonal variation in mixing 
heights is apparent, with higher values occurring during the winter and lower 
values occurring in the late summer and early autumn. During the afternoons, 
average mixing heights were generally greater than 1000 meters, except for the 
winter months, when average mixing heights were from 200 to 700 meters. Based 
on these figures, dispersion of pollutants is likely to be most inhibited during 


the winter, when mixing heights tend to remain low throughout the day. 


C. Acoustic Radar 

An acoustic radar has been operated at the Kalispell Airport site since late 
1 OW;O'6 Data from January 1978 through June 1980 are included in this report. 
Major losses of data, in June and September 1978, April, July, and October, 
1979, and January 1980 occurred due to power surges and other equipment failures. 

The monostatic acoustic sounder (or acoustic radar) manufactured by 
AeroEnvironment, Inc., consists of a transmit/receive dish antenna approximately 
four feet in diameter and a recording/display unit which produces a permanent 
chart record. Approximately every 22 seconds the antenna emits a 1600 Hz sound 
pulse. The pulse is directed vertically upward and is reflected downward to the 
receiver if stable layers or inversions are present, by small-scale turbulence 
and temperature discontinuities associated with inversions. The echoes received 
are recorded electrically on heat-sensitive chart paper. The chart produced is 
interpreted by the operator, who obtains from it a stability estimate (stable, 
unstable, or neutral) of the lowest 100 meters of the atmosphere, and the 


height, thickness, and type of any inversion(s) present. These data are further 
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analyzed by computer, and monthly summaries of first (lowest) and second (second 
lowest if multiple inversions are present) inversions are produced. A two-hour 
stability analysis is also performed, which assigns data into one of six stabi- 
lity categories, A through F, where A is the most unstable and F is the most 
stable. These classifications are based on the operator's stability estimate 
plus wind speed, time of day, solar altitude angle, and cloud conditions. A 
more complete discussion of the procedure followed can be found in a report 
published by the Air Quality Bureau (Gelhaus, 1979). Monthly acoustic radar 
Summaries are included in the Appendix of this report. 

First inversion occurrence, base height and thickness are summarized by 
month in Table 7. During the nighttime hours (0001-0600) inversions were pre- 
sent 85 to 100 percent of the time during all months except November 1978 when 
they were present only 6/7 percent of the time. These inversions were most 
commonly surface based with a most common thickness of 101 to 300 meters. No 
seasonal variation is apparent. 

During the morning hours (0601-1200) a seasonal variation in inversion 
occurrence is apparent. During the months of October through April, inversions 
were present 80 percent of the time or more except for November 1978 (60 
percent) and October 1978 (79 percent). These inversions were most conmonly 
surface based and between 100 and 500 meters thick. For the warmer months (May 
through September) inversions were not as frequent during the morning hours, 
occurring only from 30 to 80 percent of the time. These warm month morning 
inversions were most commonly elevated from 100 to 300 meters and were most com- | 


monly 1 to 300 meters thick. 


During the afternoon hours (1201-1800) inversions were uncommon except for 
the months of November through March when they were present from 26 to 89 per- 
cent of the time. The average occurrence frequency for these cold months was 62 
percent. These cold season afternoon inversions were most commonly surface 
based and most commonly 101 to 300 meters thick. For the rest of the year 
afternoon inversions were present only from 0 to 27 percent of the time. The 
average occurrence frequency for those warm and hot months was only 12 percent. 
These warm season afternoon inversions were most commonly elevated from 100 to 
300 meters and were most commonly 1 to 300 meters thick. 

During the evening hours (1801-2400) inversions were present from 80 to 100 
percent of the time, except for March 1979 (69 percent) and May 1980 (77 
percent). The evening inversions were most commonly surface based and most com- 
monly from 1 to 300 meters thick with most common thicknesses of 1 to 100 meters 
occurring in the summer months. 

The percent frequency of occurrence of stability classifications of the 
first 100 meters is presented by month in Table 8. Classes D (neutral) or E 
(slightly stable) were most frequent for all months except October 1978 when 
Class F (moderately stable) was most frequent and August 1979 and May and June 
1980, when Class C (slightly unstable) was most frequent. Overall classes D and 
E contain from 44 to 93 percent of available readings. The warmer months have 
the lowest occurrence of Class D and E, while the winter months are heavily 
weighted in their favor. 

No apparent seasonal variation is apparent in the Class F (moderately 
stable) distribution which contains from 1 to 28 percent of the available 


readings. 
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Class C values were most Connon in the geetae and summer months which con- 
tain 13 to 31 percent of the available readings. Class C was much less common 
in the fall and winter months, when it represented only 0 to 15 percent of the 
available readings. 

There were very few Class B (igderaroly unstable) readings. They contained 
only 0 to 7 percent of the available readings and had no apparent seasonal 
pattern. 

Class A (very unstable) readings were very rare occurring only in four 
months and never representing more than 1.5 percent of the available readings. 

The inversion and stability data provided by the acoustic radar illustrate 
the limited dispersion capacity characteristics of the Flathead Valley. 
Inversions are present most nights and are often present throughout the day 
during the winter months. The poor ventilation accentuates the impact of the 
existing emission sources and produces occasional very high ambient aes pollu- 
tion levels in urban areas. The slow dispersion rates also serve to localize 


impacts to the area immediately around a source. 


Ze 


IV. SUMMARY 


Baseline air quality and meteorology data have been collected in the 
Flathead River Basin for two and one-half years. An emission inventory and 
model has been completed. Air quality and meteorological monitoring is being 
continued. An additional upper monitoring site has been established at Ninepipe 
National Wildlife Refuse in cooperation with the Salish-Kootenai air monitoring 
office. 

The air quality monitors have shown pollutant levels near population 
centers, agricultural, and industrial activities to be higher than remote 
locations. The emission inventory quantifies increased emissions in these 
areas. The meteorological data which connects the two indicates there is 
limited dispersion capacity in the Flathead Basin and ambient air quality levels 
are likely to be strongly tied to local emissions. 

The visibility data is closely related to fine particulate levels and mixing 


heights. 
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Site 
Moose City 


Columbia 
Falls NAAC 


Columbia 
Falls- 
Anders 


Kalispell- 
Airport 


Kalispell- 
Strom 


Kalispell- 
Universal 


Athletic 


Kalispell- 
Evergreen 


Big Fork 
Polson 
Ronan 


*Al1 values 


TABLE 1 


Flathead Basin TSP Levels 


Maximums, (Second High Reading), and [Arithmetic Average ]* 


1978 
Max( 2nd) [Ave] 


1979 
Max( 2nd) [Ave ] 


40. (18){-. 15] 15012 le LOY 


59 (56) 25] 64 (.63)[ 29] 


425 (423)[134] 484 (390)[145] 


140 (120)[ 56] 


110 (105)[ 65] 343 (289)[ 90] 


112 °(.103)[. 43] 
202 (191){ 80] 
170 €120)[ 48] 405 (311)[109] 


in microgrms per cubic meter 
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1980 


Max( 2nd) [Ave] 


81 (65) 


29 ] 


455 (422 123] 


232%.¢230)i 


202. (192) { 


169435) 


102 ¢€ 88) 
519) Gli 


220 (175) i 


61] 


9:7) 


ype) 


39 ] 
78] 


88] 


TABLE 2-A 


Moose City 
Particulate Data* 
Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 


Arithmetic Mean Maximum Reading 

Month TSP (S04) [NO3] | TSP CSO.) [NO3] 
Sept. 78 18 (1.6) [0.4] 18 (2.4) [0.6] 
OGE. 26 (1.6) [0.2] 40 (1.9) [0.2] 
Nov 

Dec 9 (4.5) LOe3 1:7. (6.1) [0.4] 
Jan 79 

Feb 10 (2.9) [Om 2] ez C432) [0.3] 
Mar LO (2.6) (O.'3] 15 (4.0) [O>4) 


*A11 values in micrograms per cubic meter 
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Month 


Jan 78 
Feb 
March 
April 
May 
June 
July 
Aug 
Sep 
Oct 
Nov 
Dec 
Jan 79 
Feb 
March 
Apr 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 


*Al1 values in micrograms per cubic meter 


Columbia Falls - NAAC 
Particulate Data * 


TABLE 


2-B 


Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 


January 1978 - September 1980 


Arithmetic Mean 


TSP 


23 
24 
33 
13 
26 
Zk 
28 
29 
26 
39 


(S04) 


C455) 
(6.2) 
C351) 
(2.4) 
(2.6) 
C225) 
C257) 
(3.4) 
(259) 
(2:58) 
CO) 
(1.9) 
(5.0) 


[N03] 


[2.0] 
(ions 
[1.6] 
[0.4] 
[0.5] 
[0.3] 
[0.5] 
[0.5] 
[0.6] 
[0.6] 
[1.34 
(On7] 
[1.8] 
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Maximum Reading 


TSP. (S04) 


55 (9.6) 
LT NDE BN) 
42 (6.4) 
21 (324) 
46 Che 5) 
33 (3:53) 
48 C421) 
37 C552) 
30 (4.6) 
59 (5.0) 
53 (9.1) 
16 (325) 
48 Gea 


[NO3] 


[5.6] 
V2] 
(258i) 
[0.6] 
[On 
[0.5] 
[0.8] 
[0.6] 
[0.9] 
[1.0] 
fae} 
[1.8] 
[2.9] 


Month = 


Jan 78 
Feb 
March 
April 
May 
June 
July 
Aug 
Sep 
Oct 
Nov 
Dec 
Jan 79 
Feb 
Mar 
April 
May 
June 
July 
Aug 
Sep 
Oct 
Nov 
Dec 
Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 80 


*A11 values in micrograms per cubic meter 


TABLE 2-C 


Columbia Falls - Anders 


Particulate Data* 


Total Suspended Particulates (TSP) 
Sulfates (S04) and Nitrates (N03) 


January 1978 - September 1980 


Arithmetic Mean 


TSP 


47 

80 
292 
1317 
L157 
117 
154 
177 


(S04) 


(5 345) 
(52:3) 
(3.3) 
(2.9) 
(2.9) 
(2.8) 
(3.4) 
(4.0) 
(2.9) 
(3.1) 
(5.7) 
(3.1) 
(6.1) 


[NO3] 


2.3] 
Lag 
(ole7 | 
[0.5] 
[0.6] 
[0.55] 
[0.6] 
[0.7] 
[0.8] 
[1.0] 
[2.8] 
[1.6] 
[2.7] 


oil 


Maximum Reading 


TSP 


78 
209 
426 
328 


(S04) 


(9.2) 
(9.9) 
215 
(3.9) 
(3.8) 
(52.01) 
(4.8) 
(5.2) 
(4.7) 
(4.8) 
(8.2) 
(4.4) 
(8.3) 


[NO3] 


F5.<:6,) 
[4.0] 
P22) 
[1.0] 
[hd] 
[0.8] 
[0.9%] 
[1.4] 
(aes 24] 
EGS) 
[5.1] 
[4.1] 
[3.7] 


TABLE .2-D 


Kalispell - Airport 
Particulate Data* 
Total Suspended Particulates TSP 
Sulfates (S04) and Nitrates [N03] 
March 1979 - September 1980 


Arithmetic Mean Maximum Reading 

Month TSP (S04) [NO3 ] TSP (S04 ) [NO3 ] Be 
Mar 79 79 C352) [2.8] 120 (4.5)% [536] 
April 50 (2.39 fale 117 C4091 (iced 
May 53 C252) [0.9] 74 (3.301 1a 
June 54 C250) [0.9] 69 C2..2) 2" {ileal 
July 67 (2.3) [0.8] 89 (2.9%. {4507 
Aug 61 (2.6.0) [0.8] 109 C2699: aec6)] 
Sep 73 (2...5)) [1.0] 107 C3205 (eZ 
Oct 73 C31) fied 140 (3.8)! [4.8] 
Nov 38 (3.3) (2.43 57 (5.0)! [3.64 
Dec 25 (2.4) [1.6] 34 (2:99) sical 
Jan 80 36 (3.9) [2.21 45 (5.3) .. [2.9] 
Feb 38 (3.50) [4.6] 67 (6.4). [10] 
Mar 23 C222) [0.9] 33 (3.9)1: [A <6] 
April 50 (3.2) [0.6] 88 (4.5). [i209 
May 41 C255) [0.4] 46 (3.895 [0.6] 
June 86 (3.0) [O.6;] 232 (4.9)i {0.8] 
July 74 (335) [0.34 138 C4.8)0 Oed a 
Aug 89 C318) [0.34 230 (4.891 [0.6] 
Sep 90 (4.0) [0.5] IS (6.2)5 [058] 


*A11 values in micrograms per cubic meter 
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TABLE 2-E 


Kalispell - Strom 
Particulate Data* 
Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 
October 1978 - December 1979 


Arithmetic Mean Maximum Reading 

Month TSP (S04) [NO3] ESP (S04) [NO3 ] 
Oct 78 85 (3.5) [1.0] 110 (3.9) fpl..2)} 
Nov | 67 (5.8) (AGS) || 99 €8'.,.28) [4.8] 
Dec 43 (4.6) [1.6] 63 (5.0) [3.2] 
Jan 79 Al C72'6;) [3.0] 59 (8:./5) [4.1] 
Feb 58 G3) [3.9] 59 (6.4) [6.6] 
March 164 (4.8) 2re 7] 343 (A) [4.0] 
April 147. «—(4.6) {1.5] 184 (4.9) [1.8] 
May 107 (2.4) [1.0] 135 (2.8) [1.3] 
June 63 (2.4) [0.9] 76 G28) (50) 
July 95 (257) (Os7 | 140 (350) (ies 1s] 
Aug 73 @..9)) (Oe Fel 156 (326) (eles 37] 
Sep 126 C357) [1.2] 208 6.3) [253] 
Oct = os = = = 3 

Nov 87 (6.0) (2.91 136 Coe) [5.4] 
Dec 79 67 - (3.0) pre 8a 110 G56) [2.9] 


*Al] values in micrograms per cubic meter 
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TABLE 2-F 


Kalispell - Evergreen Elec. 
Particulate Data* 
Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 
June 1980 - September 1980 


Arithmetic Mean Maximum Reading 
Month TSP. (S04) [NO3] TSP (S04) [No3sI+=S 
June 80 54 eb 
July 78 135 
Aug 58 100 
Sept 103 169 


*A11 values in micrograms per cubic meter 
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Month 


Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug, 
Sep 80 


TABLE 2-G 


Kalispell - Universal Athletics 
Particulate Data* 
Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 
January 1980 - September 1980 


Arithmetic Mean Maximum Reading 
TSP (S04) [NO3] TSE (SO, ) [N03 ] 
92 (523) (2-0) 137 (6.4) (255) 
12. (4.8) [527] 126 (6.4) [10.9] 
169 (4.4) fe) 197, C5675) [2.5] 
116 (4.0) [0.4] 192 C5.) [0.8] 
Ig (4.0) [0.5] 50 (5.2) [0.6] 
81 (2.5) [0.5] 95 (253) [0.6] 
93 (3.2) [0.6] 137 (4.8) fOs9)] 
81 (4.9) (Osa ] 114 (6.5) [0.5] 
142 (87) (1 22:] 202 C70) fhe] 


*A11 values in micrograms per cubic meter 
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Month 


Jul 79 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sep 80 


TABLE 2-H 


Big Fork 
Particulate Data* 
Total Suspended Particulates, TSP 


Sulfates (S04) and Nitrates [N03] 
July 1979 - September 1980 


Arithmetic Mean 


TSP 


(S04) 


(2.4) 
(2:53) 
C287) 
(259:) 
(4.1) 
(30:3) 
(5.32) 
(30%) 
(3.5) 
C31) 
(2.7') 
(2.4) 
(2.4) 
C359) 
(2:2) 


UNO i 


[0.5] 
[0.5] 
(0.74 
[1.2] 
[2.2] 
fiesa 
(2.3)] 
[3.0] 
[0.4] 
[0.4] 
[0.6] 
[0.2] 
[0.7] 
[Os] 
[0.4] 


*Al1 values in micrograms per cubic meter 
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Maximum Reading 


TSP 


(S04) 


(2.9) 
C25) 
(4.0) 
(3.4) 
(4.8) 
(359) 
(8.0) 
(5.5) 
(6.5) 
Cw) 
(3.2) 
C3272) 
(2.8) 
(5.8)) 
C4a2) 


[N03] 


[0.6] 
[0.6] 
[0.9] 
[1.5] 
[4.9] 
(2634 
(3.9) 
[10.2] 
[0.8] 
[0.8] 
[0.8] 
[0.4] 
| 
[0.3] 
[0.8] 


Month = 


March 79 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 


Particulate Data* 
Total Suspended Particulates, TSP 


TABLE 2-1 


Polson 


Sulfates (S04) and Nitrates [N03] 
March 1979 - September 1980 


Arithmetic Mean 


TSP 


(S 


(3. 
G2. 
(2. 
(2. 
(2. 
(2. 
(3. 
(2. 
(4. 
(2. 
(4. 
(3. 
(3. 
(3. 
C23 
(3. 


(4. 
(4. 


Ons 


3) 
7) 
7) 
7) 
2) 
4) 
Z) 
ey) 
6) 
7) 
1) 
9) 
8) 
5) 
7) 
0) 


8) 
2) 


[2.0] 
(2 
[0.9] 
[1.0] 
[0.7] 
[0.6] 
[1.0] 
[1.4] 
[3.9] 
[1.6] 
2k] 
(5) 
02.9) 
[0.9] 
[0.5] 
[0.4] 
[0.2] 
[0.8] 


ol iSO asp 


*Al11 values in micrograms per cubic meter 
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Maximum Reading 


TSP 


(S04) 


(5.0) 
(4.0) 
(Eye) 
(3.6) 
C2583) 
(2.7) 
(4.3) 
C325) 
(6.6) 
(G25) 
(5.4) 
.0) 
C02) 
(4.5) 
C3o4) 
(3.2) 
(6.6) 
(6.6) 


[N03] 


Month 


Nov 78 
Dec 
Jan 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 


FABLE. /2—J 


Particulate Data* 


Ronan 


Total Suspended Particulates, TSP 
Sulfates (S04) and Nitrates [N03] 


November 1978 -— September 1980 


Arithmetic Mean 


TSP 


(S04) 


(4.1) 
(3.4) 
(6.9) 
(4.2) 
(3.9) 
(2.1) 
(159) 
(2.0) 
(2.2) 
(2.1) 
(2.3) 
(25) 
(3.4) 
(3.0) 
(4.3) 
(3.8) 
(4.0) 
C255) 
(2.9) 
(3.4) 
(3.7) 


Diese ING ass 


[2.0] 
[1.0] 
[3.8] 
[2.5] 
[2523 
[0.8] 
[0.9] 
[0.8] 
[0.9] 
[0.7] 
[0.9] 
[1.3] 
[2.6] 
(2. 
[be 9] 
[2.8] 
[0.5] 
[0.4] 
[0.8] 
[0.6] 
[0.4] 


*All values in micrograms per cubic meter 


Moved to Ninepipes after 8/7 run and set for 10/18 run 
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Maximum Reading 


TSP 


(S04) 


(6.5) 
(4.1) 
(10.8) 
(8.1) 
C535) 
(32.8) 
(2.6) 
(2.0) 
C243) 
(32.2) 
(2.8) 
(2.9) 
(4.8) 
(4.5) 
C125) 
(4.6) 
(5.4) 
(3.6) 
(350) 
C450) 
(425) 


[N03 ] 


[4.2] 
[2.4] 
[6.3] 
[6.6] 
[4.1] 
ass) 
[1.4] 
[1.0] 
(Ea 
(e20l 
[23] 
[1264 
[6.3] 
[4.1] 
Pehl 
[556] 
[0.6] 
[0.9] 
fO597] 
[0.8] 
[0.6] 


TABLE 3-A 


Polebridge 
Fine Particulate Data* 
Monthly Means and Maximums 
September 1978 - September 1980 


Month Less than 2.5 microns 2.5 to 15 microns Less than 15 microns 
Mean Maximum Mean Maximum Mean Maximum 

Sept 78 aLiey sd: 72 PRG I 6.3 TieO 20.4 2655 
Oct 13.4 24.1 6.5 PSie2 19.9 36.8 
Nov 9.5 SyOws DiS Peed 14.9 23.0 
Dec 6.5 8.1 2.6 Digi peal Lie2 
Jan 79 7.9 9.9 Zed Diet 10.0 BAe) 
Feb 5.2 9.5 0.8 1.4 6.0 9.5 
March 6.7 9.5 14 P64 iy Bel 122 
April 8.3 16.0 Die 19.4 14.0 3504 
May 724 9.4 6.4 LOS 7 13.8 20.2 
June Syeal Tis 1 3%6.2 Darul 13.03 38.4 
July 10.2 1763 46.8 88.6 57.0 106.0 
Aug el. 7 1 Cy PERT Zaye 36.4 36%, 
Sept 10.6 467; 18.0 19.6 28 .6 3257 
Oct 142 24./ hie 16.1 23.4 33.4 
Nov 16.2 2259 4.5 10.6 20.7 Dy eelt 
Dec 4.8 6.1 260 5.4 6.8 9.8 
Jan 80 8.3 P22 3.1 HOR2 Ela 16.9 
Feb 6.6 ae, IE) 4.5 7.6 Tb AT) 
March Die) Tis 6 1.0 BAS) eee) Al) 
April 8.0 9.4 Bet Wee) sO ke ONS 7, 
May 8.1 LO. 1: EE 2.2.0, LESS) 21r0 
June 4.9 Dis D 9.4 1369 a3 ALG) 
July Deel 3.0 Die A: S02 Tee ib bay 
Aug 0.8 155 Qed 3.5 Sie e 4.6 
Sep 80 


*All values in micrograms per cubic meter 
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Month 


Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sep 80 


Less 
Mean 


30.8 
L74 
8.1 
3262 
10.8 
hel BA) 
16.6 
10.6 
14.6 


TABLE 3-B 


Columbia Falls - Anders 
Fine Particulate Data* 
Monthly Means and Maximums 


January 1980 - September 1980 


than 2.5 microns 
Maximum 


44.7 
23.5 

9.0 
94.9 
12h 
15.5 
28.0 
14.0 
24.5 


Zeon, to LSsemrerons 
Maximum 


Mean 


Sih 
6.1 
39 .9 
80.4 
46.3 
610.7 
82.6 
47.1 
82.1 


*A1]1 values in micrograms per cubic meter 
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Less than 15 microns 


Mean 


62.1 
23.8 
44.8 
112.5 
Dol 
73.6 
99.2 
53:23 
97.6 


Maximun 


87./ 
29 «3 
105.0 
129.1 
103.7 
165.6 
223.8 
102.8 
161.1 


TABLE 3-C 


Kalispell - Airport 
Fine Particulate Data* 
Monthly Means and Maximums 
September 1978 - September 1980 


Month Less than 2.5 microns 2.5 - 15 microns Less than 15 microns 
Mean Maximum Mean Maximum Mean Maximum 
Sept. 78 $5.0 Lo. 7 tie, 24.0 30.7 AVS 
Oct. 19.1 40.4 23t6 49./ 42.2 8 Sigal: 
Nov. a. 5 29.5 9.9 Weal 24.4 LL DQees7 
Dec. ed 12.1 10.8 129 £3.65 19.4 
Jan. 79 Dee DS 40.1 7.0 Oey 34.5 50.8 
Feb. ** 9.9 9.9 1 i a ays 2136 21.6 
March** 9.4 9.4 6.3 O63 15.7 15 37 
April 10.8 23.0 18.8 54.0 29 .6 Lhe 
May 11.6 15.0 20169 39 .8 37.6 50.8 
June 11.4 17.0 29.43 61.5 40.7 Tet 
July IS Gis) 19.7 St 43.4 44.6 63 <1 
August Die 23), 24.0 43.3 36.1 72.0 
Sept. 19.4 28./ 32 ef 48.8 D2 el: Te) 
Oct. aed 41.4 3361 68.1 60.7 109.5 
Nov. ara k 39 .6 Gel! 198.4 70 2 21.8 ook 
Dec. LACT 18.0 10.9 21.6 23 ei S453 
Jan. 80 22.0 28 .3 ; IESE SS) 29 4 37 so 48.9 
Feb. WS ETL 37.9 Geel: 12 ioe: 29.8 42.4 
March Teel 10.8 14.9 39:33 2260 5021 
April 10.4 14.3 24.8 He ey | ePe. 58.0 
May 10.2 13.8 Doe Adee: 33:0 58.9 
June W430) 2560 BF ask 109.9 49.6 132 319 
July beers) Te, SOAS LOO.5 68.1 PAN as) 
Aug 14.0 2369 47.0 L455 61.0 198.2 
Sept 3 24.1 Aes 8451 64.5 106.3 


*All values in micrograms per cubic meter 


**one value only 
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Month 


Jan 80 
Feb 
March 
April 
May 
June 
July 
Aug 
Sep 80 


TABLE 3-D 


Kalispell - Universal Athletics 
Fine Particulate Data* 
Monthly Means and Maximums 

January 1980 - September 1980 


than 2.5 microns 2.5 to 15 microns 
Maximum Mean Maximum 
42.3 22.8 44.0 
28.2 31.4 54.6 
L763 44.2 63.6 
16.8 46.4 739 
1037 40.4 63.8 
10.4 45.4 52,0 
79.6 81.5 203.5 
80.8 37.6 53.9 
18.8 58.6 84.2 


*A11 values in micrograms per cubic meter 
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Less than 15 
Mean 


54.8 
55.3 
58.6 
5925 
49.2 
54.0 
109.2 
71.1 
74.6 


microns 
Maximum 


7.15 
82.8 
1825 
88.7 
LOaS 
62.4 
283 «1 
106.8 
10301 


TABLE ..3-E 


Polson 
Fine Particulate Data* 
Monthly Means and Maximums 
September 1978 - September 1980 


Month Less than 2.5 microns 2.5). = 15 microns Less than 15 microns 
as Mean Maximum Mean Maximum Mean Maximum 
Sep 78 ee 16.8 21.8 29.8 36.9 46.6 
Oct L661 30.4 49.9 906 65.9 99.6 
Nov Anes 2763 SPS) 29.3 34.0 536) 
Dec Sey, 9.6 Jeter RO ENG) 22:60 Zi o2 
Yan 2/9 24 e2 35.5 5.5 19 291.5 GAZ 
Feb 1158 tS iey2 53:9 DTS) 27 20 Ged 
Mar 8.4 16.8 IAAT E 14.3 31 ok Seok 
April ieee) 24.0 34.3 Die 4h. ae DOo1 1604 
May 26 ot 76.7 B9 ok 89.9 (op ae 105.07 
June USA 22k 47.8 90.7 61.0 O27. 
July (Shes) LOS 29.1 S30 37.4 43.2 
Aug LO 7: 14.4 59.8 1439 ORS) PSSi2 
Sept 5.6 24.9 68.1 100.6 83.8 1255.5 
Oct 195 24.9 32.9 74.0 Sys 92.34 
Nov 20.0 24.6 8.9 a2 29.1 337.0 
Dec 10.8 18.9 4.7 13.8 1g) Zsa 
Jan 80 les 7S 2203 59.3 33.6 PFogtk: 
Feb Tech: PA g li Heol 14.2 14.9 28.3 
March 18S) 1.6 11.9 30.1 1s ey) 30.6 
April Us AIO) 19.4 S\8\55) 28.0 44.0 
Mav 10.4 a. 6 26.6 D4 ei. 36.9 66.5 
June LMA © LOG 2 19.6 2 Dial. PAPE: 3564 
Julv 16.9 24.8 47.0 84.3 63.9 LO9 <A: 
Aug PAGAL) 2160 13339 2661 SSS) Seiad h 
Sep 80 Zoe B26 6.6 10.6 SOA al 34.0 


*All values in micrograms per cubic meter 
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TABLE 4 


Kalispell-Airport 
Visibility Data UEP be cueeen) 
Scattering Coefficients X107 
Monthly Means and Maximum 
September 1978 through September 1980 


Month Mean 
September 78 9 
October 16 
November 16 
December 14 
January 79 32 
February 17 
March 15 
April 11 
May 10 
June ak 
July 13 
August 

September 

October 13 
November 21: 
December 14 
January 1980 18 
February 23 
March 10 
April 8 
May 6 
June 7 
July U 
August 7 
September 80 8 


40 


TABLE 5 


Holzworth Lapse Rate Categories (Modified) 


Values in deg C/100m 


Non-Inversion Class Lapse Rate 
1 Pd lito ule) 
Z i Bry Al b2 covers Bers 010) 
3 Or omeue Ou cal. 20 
4 -0.41' to’ -0.80 
5 0.00) to” -0.40 


Inversion Class 


MewWwWnh Fe 


(Holzworth, 1974) 


Lapse Rate 


0.00 to +0.47 

+0.48 to +1.14 

Ave tedj* CO) 5263.2 

+2.83 to +6.00 
>+6 .00 


4] 


Description 


Very Superadiabatic 

Supe radiabatic 

Near Dry Adiabatic 

Near Standard Atmosphere 
Weak Lapse 


Description 


Weak Inversion 
Moderate Inversion 
Strong Inversion 

Very Strong Inversion 
Extreme Inversion 


Month 


Jan 
Feb 
Mar 
April 
May 
June 
July 
Auge 
Sept. 
OcCE. 
Nove 
Dec. 


TABLE 6 


Average Monthly Morning and Afternoon Mixing Heights (meters) 
from Average Monthly Temperature Traces 


1978 


13:5 
75 
100 
50 
135 
Si5 


Kalispell-—Airport Site 


July 1978 through September 1980 


Morning 


(1979) 


LS) 
315) 

95) 
150) 
90 ) 
85) 
210) 
190) 
190) 
225) 
496) 
500) 


CNET ONT NI NIN LON FON FEN OOS INO 
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1978 


1300 
>1800 
>1800 

1420 
>1200 

515 


Afternoon 


(1979) 


(195)) 
( 200) 
( 980) 
(>900) 
(1500) 
(>1500) 
(1675) 
(1811) 
(2003) 
(1258) 
( 946) 
( 606) 


[1980] 


[ -Si5i] 
[ 678] 
[1594 ] 
[1818] 
[1274] 
[1910] 
[>1600] 
[>1600] 
[>1600] 


Table 7 


Kalispell Airport Site 
First Inversion Occurrence Frequency (percent) 
Most Common Base Height and Thickness by Time and Month 
from Acoustic Radar 


Month 0001-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 
Thickness Thickness Thickness Thickness 
(%) Base Code* (4) Base Code* (%) Base Code* (%) Base Code* 
O77 or dan (93) scf 2 €35) sfe 2 (75) sfe 2 (93) sfc 2 
Feb (96) scf 2 (100) sfe 3 (46)  sfe 2 (86) sfc 2 
Mar, £¢CL00) 84S kc 2 (90) sfe 2 (26) sfc 2 (94) sfc D 
Apri, (C100) a Ss fe 2 (80) 200 1 (14) 200 1 CLOO).~ “ste 2 
May (95) sfe 2 C68) sfe 1 (10) 300 - C80). ‘sic 2 
Jun ze 
Jul (96) sfe 2 (79) 300 Ik (89) 300 it (100). sfc 8 
Aug (96) sfe 2 (32). 300 18 ( 0) -= - Cr32)) “sic nf 
Sep 
Oct €95) Gisife 2 (79) sfc - 2 (25) . 300 ni (100) sfe 2 
Nov (67 ) fiisi=c 2 (60) sfc 2 (67) sfc 2 C37) Jsfe 2 
Dec (87) O.stc 2 (81) sfc 2 (58) sfc 2 (94) sfc 2 
1979 Jan (84) sfe 2 (84) sfe 3) ChE) sfe 2 C87). “site 2 
Feb (92) sfe Z (92) sfe z C77). ste 2. C92) ste 2 
Mar (100) sfc i (63) sfe 2 (89) 300 il (67). sfe 2 
Apr 
May (87) 0 sfc 2 (39) sfe 2 Crspe sic il C83) sfc 2 
Jun @5) 0 Sic 2 (30) -- 2 (10) -- - C100)" ste 1 
Jul 
Aug (95) sfc 3 (53) 200 2 CA)? == - (89) sfe 2 
Sep (86) sfc 3 C54) 2200 2 C28) 2.00 2 (92). sfc 2 
Oct 
Nov (90) sfc 2 (89) sfe 2 C3) — 300 2. (90) sfe 2 
Dec (94) sfe 2 (84) sfe 2 (48) sfc L C87.) site 2 
LI80! Jan 
Feb (86) Ustfc 2 (82) sfe 2 (68) sfe z, (86) sfe 2 
Mar €87)) Ste 2 (94) sfe yp CTT) ste 2 (87) ‘site 2 
Apr (lOO) ste 3 C8.) 2100 3 (290) 200 2 CLOO),, ‘s:tc 2 
May (81) *ste 3 €o5>' 100 2 (19) -- 2 C77) sfc 2 
Jun (93)! dsfe 3 (83) 100 2 (27) -- 1 (93) -sfe 2 


*Thickness Code: 


1-100 meters 

101-301 meters 
301-500 meters 
501-900 meters 


PWN FR 
teal 
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TABLE 8 


Kalispell Airport Site 
Percent Frequency of Occurrence of Stability Classification by Month 


Category 


U 


D 


Month 


4.6 0.0 Jers) 
0.0 


5157 


48.1 


0.0 


1978: .Jan 


0.0 


57.24 


Feb 
Mar 
Apr 
May 


4.0 14.5 22.8 45.4 


0.6 


0.0 
0.0 


19.4 


L657 


37.4 
100.0 


0.0 
0.8 
0.8 


0.0 0.0 
18.8 


11.3 


0.0 
23.7 


Jun 
Jul 


21 2 


21.5 


Diet 
Pe3 
0.0 


Og3 


32.8 14.5 1 11.0 
100.0 


21.8 


0.0 


Aug 
Sep 
Oct 
Nov 
Dec 


0.0 0.0 0.0 
15.6 eed, 


0.0 


0.0 


0.0 


37 ot 


0.3 


0.0 
0.0 


Dies 52.5 295.2 9.7 0.0 
10.5 0.0 


3.3 


0.0 


28.5 


0.3 0.0 50.8 


0.0 


1979. Jan 


Feb 
Mar 


0.3 


3.8 
0.0 


0.0 Dee 20.4 


0.0 


0.0 100.0 


0.0 


0.0 


Apr 


Jul 


0.0 0.0 0.0 010 0.0 0.0 100.0 
4.7 29.2 
0.8 


0.0 


Oct 


6.4 


0.0 
0.0 


Nov 
Dec 


45.4 


0.0 


0.0 0.0 0.0 100.0 


63.4 


0.0 
13.4 


0.0 


1980 Jan 


Feb 0.0 1.8 3.9 
Mar 


Apr 
May 


Jae 


0.0 


Se oF 


14./ 35.8 


30.3 


329 
4.0 


0.0 
OO 


16.9 


24.5 


20.3 


Jun 


Slightly Stable 


E 
F 


A Very unstable 


Moderately Stable 


U. Unknown 


Moderately Unstable 
Slightly Unstable 


D Neutral 


B 
C 


Missing 


M 
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APPENDIX A 


SURFACE WIND ROSES 


(43.0%) 


February 1978 
Calm 2.6% 
(Total Hours 232) 


January 1978 
Calm 3.9% 
(Total Hours 102) 


Monthly Wind Roses 
Kalispell - Airport Site 
Kalispell, Montana 


March 1978 April, 1978 
Calm 3.7% Calm 0.9% 
(Total Hours 688) 


(Total Hours 323) 


May 1978 June 1978 
Calm 0.9% ; Calm 0.0% 
(Total Hours 682) (Total Hours 166) 


Monthly Wind Roses 
Kalispell - Airpert Site 
Kalispell, Montana 


JULY re 4gae RUGUST 4 1aq8 
HouaS 0 10 23 HOUAS 0 10 23 
OY CALM O.1Y 


CALM O MeO .1A 
[TOTAL HOUAS 690) (TGEAL pHOURS Fee) 


. wi 
SEPTEMBER 1976 OCTOSER 1978 


HOURS 0°10. <¢3 HOURS’ 0. TO 23 
CALM. 07 CALM 0.0% 
(TOTAL HOURS 717) (TOTAL HOUAS 738) 


Monthly Wind Roses 
Kalispell - Airport Site 
Kalispell, Montana 


NOVEMBER 1978 DECENBEA 1978 
HOUAS 0 10 23 HOUAS O 10 23 


CALM 0.0% CALM 0.9% 
(TOTSL HOURS 720) (TOTAL HOUAS 744) 


= 
ANUARY 1979 FEBRUARY 1979 
WHOURS 0.10 23 HSURS 0 TC 23 
CALM 0.0% CALM 0.0% 
(TOTAL HOUAS 744) (TOTAL HQUAS $723 


Monthly Wind Roses 
Kalispell - Airport Site 
Kalispell, Montana 


MARCH 1979 APRIL 
HOUAS 0 Ta 23 1973 
CALM 0.0% HOURS 0 10 23 


1 SOni4 CALM 0.8% 
ITOTAL HOUAS 7uy) (TOTAL HOUAS 714) 


MAY 1979 JUNE 1979 


HOUAS O TO 23 HOURS 0 19 23 
Siero CALM 0.1% 
(TOTAL HOUAS $34) (TOTAL HOURS 711) 


Monthly Wind Roses 
Kalispell - Airport Site 
Kalispell, Montana 


JULY GUST 1979 
HOUAS 9 10 23 HOURS 9 10 23 


CALM 0.0% CALM 0.44 
ITOTAL HOVAS 744) (TOTAL HOUAS 74D 


1979 AUGUS 


OCTOSER 1978 
HGUAS 0 10 23 
CALM 1.4% 
September 1979 [TOTAL HOURS 721) 
Hours 0 to 23 
Calm 0.0% 


(Total Hours 687) 
Monthly Wind Roses 
Kalispell - Airport Site 
Kalispell, Montana 


“tT 
N 


NOYEMSEA 1979 a . . 
HOUAS 0 10 23 SEs cachaRenEe 
CALM 0.0% Cad ean 
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FLATHEAD ENVIRONMENTAL STUDY MONTH OF DECEMBER 1979 
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14 Ni N N N N N N N N Nj N N 
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V6 a = 9 N N N N N N 3 6 3 
13 N N N N N N N N N N N N 
19 N N N N N N N Ni N a | N N 
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21 N N N N N N N N N N N N 
22 N N N N N N N N N N N N 
23 N N N N N N N N N N N N 
24 N Ni N N N N N N N N N N 
25 N N N N N N N N N N N Ni 
26 N N N N N N N N N N N N 
2?r N N N NM N) N N N N N N Ni 
28 N N N N N NN N N N N N N 


NOTE: FOP TYPE 1=FROUNTAL»s2=SUBSIDENCEs 2=RADIATION (SPIKED ECHO 
4=KADIATION (LAMINAR ECHO) G=UNKNOWN 
N=N0 INVERSTON M=MISSING DATA OR UNKNOWN 


ACOUSTIC RADAR ANALYSIS 
FLATHEAD =NVIRONMENTAL STUDY MONTH SF FESRUARY 1980 


RRR REE FIRST INVERSION FREQUENCY OF GCCURENCE TASL& eae 


THICKNESS INVERSION BASE HEIGHT (IN METERS) 
(METERS) “SFC °100'° "200 °° 300" 1. 400 4 S00;,)% 600" "700" *™ sont" Fone * FmeTAL 
---TIME O- 500 MSY -----------------------------------------------~------+----- 
001-100 9 9 9 0 0) O 9 9 0 . 9 
101-300 12 0) 9 G a) 0 0 0 0 0 12 
301-500 11 0 0 0 0 0 0 2 9 9 11 
501-900 1 0 0 0 ) 0 9 ) 0 9 i 
NO INVERSION 4 
TOTAL 2 ) 0 0 ) 0 © G 0 0 28 
—--TIME $01-1209 MST -----------------------------~------------~------------------ 
001-100 0 9 0 0 0 0 ) 6) 0 a Q 
101-300 8 1 1 0 ") 0 9 9 0 0 10 
301-500 8 9 ) 9 0 0 ) 3) © a) 5 
501-909 5 o 0 0 ") 0 0 9 9 Q = 
NG INVERSION 5 
TOTAL 21 1 1 0 s) 0 0) 0 Q 0 ee 
---TIME 1291-18090 MST ----------------------------------------------------------- 
001-100 0 0 1 0 °) 0 0 9 0) 0) 1 
101-300 7 2 a) ) 5) 0 0 0 6) a 
301-500 6 0 9 0 O o 0 9 O 9 : 
501-900 3 0 0 0 0 0 O D 0 0 E 
NO INVERSION c 
TOTAL 15 2 1 0 | ) 0 e) 9 9 23 
---TIME 1291-2400 MST -----------------------------~------~--~--------------------- 
001-1090 0 ) ) 0 0 0 0 a) 9 0 O 
101-300 14 0 0 0 9 © 0 ®) 9 3 14 
301-500 5 9 9 0 0) ) 0 ) a) 3 6 
501-900 4 0 ) 0 0 ) 9 v Q Q a 
ND INVEFPSION 4 
TOTAL 24 0) 9 9 o 0 o 9 G 0 28 
----------------- FREQUENCY SUMMARY FUR FLI2ST INVERSION ------------------------ 
001-190 ) 4) 1 0 0) 0 ) 9 9 9 1 
101-300 41 3 1 0 ) 0 o a 0 O 4s 
301-500 31 9 0 0 0 0 O 0 a) 9 31 
501-900 13 0 0 Q 0 0 0 0 9 ) 13 
NO INVERSIGN 22 
TOTAL B5 3 2 0 0 0 ) » Q 0 112 
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weEKEEE SECOND INVERSION FREQUENCY OF OCCURENCE TAPLE xe xx 

THICKNESS INVERSION BASE HEIGHT (CIN METERS) 
(METERS) SFC 100 200 300 400 500 600 700 3200 300 OTAL 

——-TIM= O- 500 MSY -------------—---------- - --- - = - - + 
001-100 o ro) @) ) 1 a) 9 9 O 9) i 
101-300 9 O 0 re) fe) 0 oO 9 0 ) 0 
301-500 9 0 ) 0 0 0 0 9 ) 0) 0 
501-900 o O 0 0 ) 9) re) P) ) 6) re) 

NO INVERSION ao 
TOTAL C y) ) 9 i O 0 fe) ) ) 268 

SE _TIME 6901-1200 MST —---—-——-——--——--—----——- + +--+ + 
001-100 0 oO re) O. 9) re) 0 ) 9) 0 oO 
101-300 0 O 9) 0 0 0 re) R) fe) rs) my) 
301-S00 fe) fe) 0 0 0 re) 9) O 9 oO oO 
501-900 9) 9 ) a) 0 7) 0 o 9 Oo re) 

NO INVERSION 28 
TOTAL @) ) 0 4) ) 0 yy Qo 9) 0 28 

SMe ot oO MST i eee ee ee ee 
001-100 Oo 9) 4) ra) oO 0 1 9) 0 re) i 
101-3900 0 oO oO re) re) re) ) 9 re) 0 0 
301-500 re) a) ry) oO re) re) ) 0 0 ) 0 
501-900 9 O 9) C 0 o re) 4) fe) 4) 0 

NO INVERSION 27 
TOTAL re) 0 a) 0 9) 0 1 0 0 fe) 23 

TP EE SUN ear eye CI TSS ie a I SE AS 2 A AN rey Sle 
001-100 f 0 0 0 ) 0 ry) 0 fe 9 0 
101-300 oO 0 0 1 0 oO 0 re) 9) 3 i 
301-590 9 0 fe) re) o oO O 9 QO 9 0 
501-900 fe) 0 0 re) 0 oO 0 2) ) 9 0 

NO INV=PRSI3N 27 
TOTAL 4) 9) 0 i 0 O 0 ) O D) 22 

a eg =REQUENCY SUMMARY FOR SECOND INVERSION —--—-—-—~=-——-—==------- 
001-100 9) re) re) oO 1 a) 1 ) Q 0 2 
101-300 0 fe) a) 1 0 o 0 re) rs) ) 1 
301-500 0 re) 0 re) O re oO 9 0) 0 a) 
501-900 9 0) fe) ro) O ra) e) ) 0 re) re) 

NO INVERSION 109 
TOTAL 9) 3) 0 i 1 re) 1 0 0 ) 112 
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17 ES , & 4 % 4 N N N N N N 
13 N N N N N N N N N N N N 
eS) N ™ N N N ia N N ih] N N A 
29 N im N N t N 5 6 4 5 6 4 
Zi 3 4. & NM N N nt N N 5 6 4 
22 N nN ra N N iG 5 6 4 S & 4 
23 N N N 3 5 4 5 6 4 2 6 4 
26 N N N N N i) N N N N N N 
eS nN N N N N tha N iN Nn N N iN 
26 N rN N MN M N NM N iN oN N N 
27 N N N N N N N N N nj N NM 
28 fy iN N N N N fh N Ni N N N 
2s th N {N N N N N N N N N IN 
30 ty MN N N is N N N N N N ng 
31 hs Ki N N N N N N N 4 6 4 


NUTES FOR TYPE LEFRONTAL e2=SUBSIDENT Es s=RADTATION CsPikKeED ECHO) 
4=KAUTATION (LAMENAR ECHO) YS=UNKNOWN 
NENG ITNVOCRSTON M=MISSING DATA ORK UNKNOWN 


FLATHEAD 


HA ed grok 


(METERS SEE 
-——-T IME G=-.609 
OOL-100 red 
IO1L-396 20 
301-509 4 
5OL-900 re) 

NO INVERSION 
TOTAL 26 
—--TIME 601-1200 
QOL-100 & 
101-300 LS 
BOL-506 § 
501-900 i 

NGO INVERSION 
TOTAL £6 
—--TIME 1201-1800 
oc i-100 5 
1i-Jos 9 
301-500 5 
§O0%1-996 ) 
NO INVERSLON 
TOTAL 1G 
—--TiME 18091-24006 
001-109 3 
101-309 26 
301-500 = 
501-S00 e) 
NO INVERSION 
TOTAL 26 
001-100 14 
101-3090 ba 
3ct—-S00 zo 
501-SO0 h 


NGO INVERSION 


TOTAL 


DNV IRGONMENTAL STUDY 
FROST INVE RS TON FREQUENCY OF 


ANVER SA UN 


SOCUSTIC RAGAR ANALYSIS 


MONTH OF MARCH Avo 
QOCURENCE TABLE *#ee eet 


PASE HELOGMT CIN METERS) 


LOO eUU 300 &OO 500 OQ 700 a kOxe) ago FUTAL 
LD me ce i ee ee ee ee a ee + 
re] 1 oO {> 0 O G Q Go si 

8) 0 O ei) 07 O 0 cP) oO Zu 

Oo 4 1} Q O o at o 6! os 

.¢: Y e 0) 0 Q Qo u O ra] 

4 

10) 1 Oo 0 L¢, G re) OG SI 
MST me ee ee re ee ne a ee ee ee eee 

.¢) 4 ) Q QO © Q OG iv) 5 

ca] O 9 Q re) @) G Qa a PS 

G 0 if) Y QO ie) 0 +) U a 

12) O u G o re) {> a Go i 

é 

0 4 #) +) Oo oO Gg v o ae 
WAST mm a rn rr rrr 

4 Q t 9 r¢) 0 © G 2) iz 

2 4 O Go ro] G oO U €) kia 

oO Q QO G QO Cc o) G oO 3 

6) G GO o G #) a Q G 3 

re 

3 ry t oO 0 G 5 o o at | 
4 SY nce, Bb te AEC OEY ED le RE RE ER AO SA ER A AR SIL AN PD ee A A ne wee Ce mm eee are ee Me er ee me ware ee we ec eee we es ee ee ee ee ee ee ee ee ee ~ 

QO q 0 QO Q 1. re o o + 

8) G v) QO QO ] 9) i? % 20 

Q} 8) .V 0 Qo ce] 3 v o =} 

0 © Q G 0 9) 0 0 o U 

& 

Gg 1 3 G G Q 0 G 9° 31 
FREGUENCY SUMMARY FOR FIRST [INVERSION errr ernment rss 

4 3 % Q 6) Oo CG 9 Oo 19 

a 4 0 9 0 2) 0 0 o G7 

#) oO QO QO OQ v & te) 2Q 

QO Qo re Q oO 8) @) is) & i 

Loe 

4 4 i Q Q ”) Q U v ler 


ACOUSTIC RADAR ANALYSIS 
FLATHEAD =NV TRONMOENTAL STUDY MONTH GF MARCH i950 
keer keke SCCUND INVERSION FREQUENCY OF OCCURENCE TABLE &&*%«t & 


TRECKNE SS i INVERSION GASE HETGHT CIN METERS ) 
(METERS) SFC 1U060 2u0 3G56 490 500 rome) 700 B00 900 TCTAL 

—--TiMtt OQ~ 600 MSY -- ee erm oR 9 en a nr re eee = 
001-100 ) re) re] l te) 9) i) 0 Oo @) rt 
101-306 Oo 0 6) 2 0) i f) r@) re) G 3) 
301-500 @] Oo r?) G rt) ¥) (?) 0 ce) G G 
501-900 0 9 QO © C s) 0 0 Q ¢) o 

NG INVERSION 27 
TOTAL 0 r@] ) 3 G i (8) O @) 9] 31 

——=--T IME SOL—HL20)0 “SY 27 ee ene ee Hee men nme eK fe ee ee me oe ae nee Se ce ae cae em mem ee ea ma cae a inaeinathentenuetnsmienstn tainted —— 
OvL-100 0) ‘@) 0 ry i © (0) a 0 (@) Pa 
1G6i-30J9 a) 3) v) 2 .¢) 0) .?) 8) 0 0 2 
301-500 re) 9 0 0 *) 6) r3) 9) Q ¢) 6) 
501-900 +9) 9 ) ie) 8) ré) G a Oo Q 

NO INVERSIUN a7 
TCTAL (6) 0 9 3 i G oC 6) 9 G 3t 

———-TIME LeOCGL-LBO00 MST wn em enn nnn nn nn nn nn rn rr rn rrr re ere ee 
OGi-19009 1) 0 o @] 4 3 ) a 0) a 4 
190i-3G90 0) w) 6) 1 9) G re) (0) 9) QO i 
301-500 i) @) 0 ?) 9) 0 re) g 0) c?) 9 
501-909 ) 9 3 0 re) @) ré) 9) © 0 OG 

NO INVERSION 26 
TCTAL ©) (@) 0) 1 i 3 0 2) 9) 0 3i 

—--TIME 14291-2400 MSY 2-2-2 nr or er rer enn eee ee a a rr errr er 
d0O1-100 O re) G Q 0) 3 C 0 0 ) 3 
191-300 a (¢) O 0 i ¥) Oo 0 ?) 6) i 
301-500 O 0) 1 0 (8) 0 0 r?) @) 6) i 
501-906 0) 6) (¢) @) Oo 6) O 6) (@] @) 9) 

Na INVERSIGN 26 
TOTAL a) (¢) a e 1 3 0 ce) 0 r¢; | 

mwa ee a — e — — = - PREQUENCY SUNMARY FOR SECOND INVERSION 3-3 e-em ee err nmnr mre Kn 
OVi-100 r@) ¢) oO 2 2 & © C i?) 6) 10 
101-369 .) QO 0 tS) 1 t 0 Gg 0 @) 7 
301-500 ° od i Oo 9) re) 0 @) (8) 9) A 
SO1-900 9) 9 6) a) 0) 0 0 ia) o gy .@) 

NO INVERSZETON i106 
TOTAL Oo 0 i v 3 7 c#) G 0 8) i124 


ACUUSTEC RADAR ANALYSIS 


FLATHEAD ENVIRONMENTAL STUDY MONTH UF MARCH A9Y3YV 


EXECS R Two HOUR STABILITY ANALYSIS @& eee eR EERE RE HE KES KKH KR 


---~--~+------~----- ~- HOUR --~---------------------------- 
DAY 02 O04 06 08 10 12 14 Lob le 20 Pad 24 

i e F F D dD D o 1) o D v E 

= E E E & E b t. E & & Db E 

| e) E = E € 8) D DB b E E E 

a & E i= E & E- E Ee f) G D 

S 1D) J» iD ) 0 0 U D o o 

6 M wm M mM Mm B) Q D ) ) 

3 D u 0) 8) , iy iv DO u & o D 

pas 0 D t3 D E 8) B) 8) e) D 3B) 

Y 0 B) a D u 0 o = By D ®) 
10 8) D D D O et. Oo W) O D D 
1d t. E é Lab € t f & i & 1) D 
lz G wv O D G — v v D E E 
13 = E E t id 7) u ob Go & w) i) 
14 D 0 D D B) C 0 E re 0 = ES 
iS Ee € Ee Ee € € 8) ) E t i, = 
16 Ee F (= Ee E 3 D E E bE Ee #) 
i7 O Dp DB D E E v oO E E D D 
18 D D D uv E D OD E 0 o Dd 8) 
19 E a E E E Ee = E F F ee 
20 F F F E & E E & E E E E 
21 F € & E € FE E E E E & F 
22 F F F E f= E E E e — 3 D 
23 <3 E u 8) D Db D v D E E E 
24 E E E E E E D D ®) 8) D ») 
25 D O 16) oO D 1B) B) D D D C D 
26 F & E t& D oD D D = t = 
27 E € & E & E gi sd & & & E 
28 E E E F E Ee a D G E E E 
2g Ee Ee E E E i D 9) bD E € Ee 
30 8) 5 Ss E E D 0 Y Go é e e 
31 F (= E E E E E E kc ie t iS 


PERCENT FREQUENCY OF OCCURENCE FuR EACH CATEGGRY 
A= 0020 % U= 020 % C= 000 % O=4504 %6 E=47 03 K F= Set & 
Uz GeO KB M= Led % 
NOTES YEUNKNOWN M=MISSING DATA 


CLUUD CUVER CONDITIONS USED FROM NWS STATION AT KALISPELL 
WEND OATA USED FROM NWS STATION AT KALISPELL 


ACOUSTIC RADAR ANALYSIS 


FLATHFAD =~NVIGONMENTAL STUDY MONTH OF APRIL 1930 
sea OR RR KR RR tok bok oka SF TRG T PT NVER ST IIN tm dc We me ae RR ee Me BK He HK OK EE ee RE oe aE ae ake A ae aK 
99000-0500 MST 0601-1200 MST 201-1800 MST 1301-2400 MST 
DAY BAS® TOP TYPE JASE TOP TYPE 3ASE TOP TYPE BASE TGP TYPE 
(LOOM IC1TONOM) * €100M)( 100M) * (1OOM)CLOOM) *& {1LOOM)CLOOM) *® 
1 0 5 4 r@) 3 4 N Ni N @) 2 4, 
2 cw) a a N N N N N Kj 9 Ze 4 
3 9 2 3 i 4a 3 N N NM @) 2 3 
4 8) ie) 3 8) A 3 N N N 0 eas 2 
S) oO = i) 1 5 3 2 = 4 1@) 4 S) 
6 8) 4 3 1 =) 3 2 S a 0 4 4 
7 0 S) 3 1 4 4 N Ni N 9 ad ss 
8 0 a) 3 1 a 3 N N N 9 4° 2 
9 0 2) 3 i 4 3 1. 3 A 0 Sy 3 
10 a) a 3 0 a 3 1 4 “& 0 5 3 
11 Ye 4 3 5 6 4 7 3 4 9) 9 &) 
12 ie) 5) S 2 & 3 N N N 0 4 = 
13 9 = 3 1 % 3 N N N 0 3 3 
14 O SS 3 i S ms N N N 0 4, i 
tS 9) Ss 4 N N N N N N 0 S S, 
16 9 4 3 1 a 3 N N Ni 0] 2 uy 
17 O 4 3 t 5 3 N N N 6) i i} 
13 0) 2. 3 N N N N N N 0 2. S 
19 Q 7 3 1 a 3 N N N 0 3 3 
20 9 a) es a 3) 3 N MN N 6) 4 a) 
ZaG 0 & 4 I i) a N N my 0 3 4 
22 9 4 4 1 os & N N NM 0 4 2 
23 0 ca) as (2s 6 3 N N Ni 0 S S 
24 Q 5 3 t 3) %) N N N ) a = 
25 9 5 3 1 a 3 NY N N i¢) 4 = 
26 0) & x 2 7 3 N N NI 0 2 ie) 
27 0 5 3 2 ce) 3 iN N o ie) 2 es 
28 6) & 3 2 & i) N N N 0 3 s 
29 6) 3 3 N Ni N NN N N 0 2 3 
30 9D 2 Si 4 A 4 2 = 4 0 m 3 


Woke fob RE OR RRR ERE EE EE SECOND INVERSION & #28 20k Fok ebook dake tok OR ROR RK RE OR RE K 


9009-0600 “AST 9601-1200 MST 1201-1800 MST 1801-2409 MST 

DAY BAS= Tee TYPE BASE « TOP TYPE BASE TOP TYPE BASE TOP Tye = 
(2L0O0OW) (190M) x (LOOM)C LOOM) *& C1004) C100M) * (LOOM) C1TC0M) * 
i N N NI N N N N N N} N Nj Nh 
2 N Ni N N N N N N N N N Nj 
3 N N N N N N N N N Ni NJ nN 
4 N N N N N N N N N N N N 
S) N N N N N N N N N N Ni N 
5 N N Ni N N N N N N Ni mM Ny 
7 N N N N N N N N N N N be 
3 N NM N N tM N N N N N N Hs) 
9 N N N MN N N N N N N N N 
10 Ni Ni N N N N q N iN N N N 
11 N N N N ™ N N N N N N N 
12 Ni N N N N N N N N NX N N 
13 N N N N N N N N N N N N 
14 N N N N N N Ny N Ni N Ni N 
15 N N N N N N N N MN N hy N 
16 N N N N N N N N N N N MN 
17 N NJ M N N N N NJ N NM N Ni 
18 N N N N N N N N N N hi N 
19 N N N N N N N N N N N N 
20 Ni N N N N N N N N N N N 
21 N N N N N N N N N N N N 
ares N N N N N N N N N N N N 
as N N N N Ni N N N N N NM N 
24 N N N N N N N N N N N Ni 
25 N N N N N N N N N MN iN Nj 
26 N N N N N N N N N N N N 
27 N N N N N N N N N N N 4] 
23 N N N N N N N N N Nj N NM 
29 N N N iN N N N N N tN N N 
30 N N N N N N N N N N Nj Nj 


NOTES FOe TY8r L=FRONTAL » 2=SUBSIDENCEs S=RADIATIGON (SPLKED FCHO) 
4A=RADTATION (CLAMINAR =CHO) S=UNKNOWN 
N=END INVERSION M=MISSTING DATA -'R UNKNOWN 


ACOUSTIC RADAR ANALYSIS 


FLATHEAD =NVIRONMENTAL STUDY MONTH OF APRIL 1930 
Reker FIRST INVESSTON FREQUENCY OF OCCURENCE TANLE ate kak 

THE CK NE SS INVPRGEON BASE HEIGHT CIN METERS) 
(METERS) SFC 100 200 300 400 500 600" TOO" BOO"= 900" — To Tale 

—--TIME O- 590 MSY ---------------~----------------~---- ---- ~~~ -~--------+----- 
001-100 fe) ) Qo fy) ) ) ) ry) oO 0 0 
101-300 A Oo 1 0 0 Oo 0 0 0 0 7 
301-500 15 0 Oo ) a) 0 0 fe) 0 ) 15 
501-900 8 ) 0 0 7) 0 0 0 0 9 B 

NO INVERSION 0 
TOTAL 29 fe) 1 ) ) fe) 0 fe 0 0 30 

---TIM= 6291-1200 MST --------------~--------------~-----------------~--+-+---------- 
001-100 0 0 0 9 9 1 0 9 0 9 1 
101-300 1 6 9 0 1 0 ° 9 2) f 3 
301-500 2 10 5 ) ) Oo 9 0 9 9 17 
501-900 fe ) 0 ) 9 Oo ) 9 D Q 0 

NO INVERSION A 
TOTAL 3 16 5 9 1 i fe) n 0 9 30 

---TIME 1291-1300 MST --------------------------------~---- ---------------------- 
001-100 9 0 0 0 0 ) ) 1 9 % 1 
101-300 n 2 3 Oo ) 0 re) 0 9 9 5 
301-500 0 0 OQ 0 0 0 9 0 0 € 0 
501-900 Q 0 9 ) 0 0 ) 0 0 9 0 

NO INV=RSIGN 24 
TOTAL ny) 2 3 fe) 0 0) 0 1 © 3 39 

—--TIME 1891-2400 MST ----~--~---—---------—---—---------+-~--------~---------------- 
001-100 0 ) 0 0) fo) 0 9 QO ) Q 9 
101-390 16 0 Oo Oo Oo ) Q Q 0 0 16 
301-500 12 fe) 0 0 0 ) 0 9 9 S 12 
591-900 2 0 0 0 0 0 0 0 0 Q 2 

NO INVERSION 0 
TOTAL 30 ) 0 oO 0 9 0 ) ) 9 39. 

—---------------- FREQUENCY SUMMARY FO& FIRST INVERSIGN -—----------------------- 
001-100 0 fe Q o 0 1 9) 1 9 o = 
101-300 23 3 4 re) 1 0 0 o 9 0 é 
301-500 29 10 5 ro) ) ) Oo 9 9 ) 44 
501-990 10 oO 0 0 0 ry) °) 9 0 9 10 

NO INVERSION 28 
TOTAL 62 13 9 0 1 1 0 \ 0 ) 120 


FLATHEAD 


eke RRR SECOND INVERSION FREQUENCY 


ENVIRONMENTAL STUDY 


ACOUSTIC RADAR ANALYSTS 
MONTH OF APRIL 1930 


OF GCCURENCE TASLE «ee ex 


THICKNESS INVERSTON BASE HEIGHT (CIN METERS) 
(METERS) SFC 190 200 390 400 5090 600 7090 300 900 TOVFAL 

---TIM= Oe er ee ee ee 
001-100 0 9) 0) oO 8) 0 @) 9 0) re) .) 
101-300 9 9) 0) 2) 0 0 0 18) Q e) 0 
301-500 0 1¢) 0 ce) 0 0 Oo 9 0 18) 0) 
501-900 6) ie) 0 0 0 0 0 0 i) 8) Oo 

NO INVERSTON 39 
TOTAL 0 0 OQ 0 0) 0 i?) D 9 0) 30 

—---TIME Sy) MN AO) ee a re a a ne a er a a a tr 
001-100 6) 0) re) 0 1) ) ie) 9) 0) 0 0 
101-300 2) ¢) 0) 0 1?) oO 0 16) @) 0) 9 
391-5006 e) 0) 9 0 0) Oo 10) 0 0 8) 0 
501-909 0) 0) 9) 10) 0 OQ 0 0) 9) 8) 0 

NO INVERSION 30 
TOTAL ¢) 0 8) 0 0 0 0 @) 0 8) 30 

a (OO a ee 
001-109 oO 8) 0 8) 9 0 0 0 9 9 .¢) 
191-300 6) .¢] 6) .@) 0 0 0 Q 9 0 9 
301-500 0 2) ce) 8) 0 .¢) 0 0 8) 0 1¢) 
501-909 9 0 0 0 ie) ¢) i@) 0 0 re) 19] 

NO INVERSION 30 
TOTAL 0 0 9) 6) ) 6) 0 0 ie) 9 30 

see LIT re PSO) Baap Ok ie a a aaa aaa et 
001-100 0 19) Oo .¢] 0 0 0 re) e) 8) 0 
101-300 ) te) 0) 0 .¢) 0 .@) 0) 0 ) 0 
301-500 9 0 e) Q 0 0 0) c@) 9 .¢) ) 
501-990 9 6) 1) 0 oO 0 1] Oo 2) 9) O 

NO INVERSION 30 
TOTAL J 0) ©) .) 16) 10) 0 0) Q 0 39 

er ee Se ee FREQUENCY SUMMARY FOR SECOND INVERSION -—----—--—--------------- 
001-1090 0 0) ) .¢) 0 0 0 0) 9 0 ) 
101-3006 2) 0 0 0 0 0 G Q i?) 9 9 
301-500 9 0 0) 0 0 0 .¢) .e) 0 0 0 
501-909 6) 0 0 9 0 0 0 18) 0 e) 9 

NO INVERSIGN 120 
TOTAL 8) 0] e) 0 0) 0 0 2) 0 0 129 


FLATHEAD 


Sak ekokakokk TWO 


~—----— —--~~-~—------- HOUR 

DAY 22 o4 06 038 + we) 1 
1 E E es E 2) 
2 E E a D c 
3 E = ir 1} 8B 
4 & iS a F dD 
5 F ie el = BD) 
6 E Ee E E D 
A E = & = 9 
8 LE F F ») Cc 
9 F E E & ny 
10 E FE E ie E 
il ia ') % D a 
12 F = e 2 D 
13 F = F E D 
14 F F Zz E Dp 
15s & = Dp D D 
16 = E F D Cc 
17 ea Ee F E D 
138 = Ee E » eB 
19 F a F Ee D 
20 F = E dD c 
21 E = & D C 
22 E Ea E E D 
23 F F F D Cc 
24 = E Ee E D 
25 E = E re) C 
26 F = E D Cc 
PAT 6 a F (S D 
28 F E E Ee D 
29 E e f= D D 
30 E = = OD Cc 

PERCENT 
A= 9069 % S= 32029 % C=300e3 *% 
U= 020 % M= 620 % 
NOTES VU=UNKNOWN M=MISSING DATA 


CLOUD COVER CONDITIONS USED FROM NWS STATION 


WIND OATA USED FROM NWS STATION AT KALISPELL 


=NVTRONMENT AL 


ACOUSTIC 
STUDY 


‘.) 


DeGendt (Oy uo @ume le ue nr yn ge oiGhas AG) 


ce 


RADAR 


ANAL 


YSIS 


MONTH OF APRIL. 


1°2350 


HOUR STABILITY ANALYS 1S Ee RKERRAKEREEE RRR EE KKK 


nee SD ee ED ee ee we ee ee we oe ee ee ee ee ee ee ee ee ee ewe 


°rT} 
We 


Gea) 1D “A (AS) AVAGO OF 4 SsOeo 6: @ oO ageo: 9 


C 


(@) 


al (Ae Hay == ON ta) AY a) 


ue A la sie) 


C 


N=14.27 % 


15 20 rae 
Cc iE 
Cc & 
Cc e 
G E 
(E es 
= E 
Cc fe 
£ = 
Cc E 
Cc E 
(E dD 
Cc — 
(E 1) 
E E 
D Ee 
c Ee 
Cc E 
D = 
(e D 
c E 
D FE 
iS D 
c D 
B & 
e D 
c D 
(é i= 
D a 
= D 
€ D 


FREQUENCY OF OCCURENCE FOR EACH CATEGORY 


E=350e8 % 


rtf 


my 


‘Sy ina a9] 


nm 


F=15e3 


im 


% 


AY <AL TSPEES 


ACOUSTIC RADAR ANALYSIS 


FLATHEAD =NVIRONMENTAL STUDY MONTH OF MAY 1950 
ak fee $k ok kkk kook kak FIRST INVERSION (Wok i xk Rec ae ok de ok fe ae 2 ak a eo ea a ak ek ak ak a oe a a eK ae ae a He ok 
0009-0500 MST 9601-1200 MST 1201-1800 MST 1401-2400 MST 

DAY BASE TOP TYPE BASE TOP TYPE SB3ASE TOP TYPF BASE TOP TYPE 
(1094) (i900N) * {100M)( 100M) * (1004)(100M) * C(1OOM)C190M) & 
1 0 Z 3 2 4 3 N N N o 2 3 
2 0 5 3 1 3 3 N N N 9 4 5 
a 0 5 3 2 6 3 N N N 0 3 2 
4 Q 6 3 2 6 3 N N N 9 2 3 
Ss 0 4 3 2 5 3 N N N a) 2 ) 
6 0 4 4 2 4 4 N N N 0 3 | 3 
% 0 3 4 2 3 4 2 5 4 0 3.) OS 
B 0 2 3 1 2 4 N N N 0 SAS 
9 0 5 3 1 3 4 0 3 4 0 Sis 
10 re) 3 4 NI N N N N N 0 2 3 
11 0 3 3 1 3 4 N N N 0 2 3 
12 0 3 3 1 3 3 N N N 0 2 3 
13 Oo 3 ) N N N N N N 9 2 3 
14 0 4 3 N N N N N N 9 2 3 
1S ) 4 3 2 4 3 N N N ° 4 3 
15 0 4 3 N N N 4 a 9 0 7 3 
17 0 7 3 2 7 3 S 8 9 9 é 3 
18 0 7 3 3 6 3 N N N 0 2 4 
19 9 3 3 N N N N Nj N 0 2 3 
20 ) 3 3 1 4 3 N N N 0 2 3 
21 0 4 3 1 4 3 N N N 0 3 3 
22 9 4 3 i 3 3 N N N 9 2 3 
23 6 3 3 1 3 3 1 2 4 Oo 2 3 
24 O 4 3 4 6 4 7 8 4 0 4 3 
25 O 4 e) O 3 3 N N N N N N 
26 N N N N J N Ni N N N N N 
27 N N N N N N N N N N N N 
28 N N N Ni N N N N N N N N 
29 N N N N N N N N N N N N 
30 N N N N N N N N N N N N 
31 N Ni N N N N N N N N N N 


$e E E RRRK eR SECOND INVERSION #3 RMR RRR RE RRR EEE EEE ERE EERE 


90009-0500 MST 90601-1200 MST 1201-1800 MST 1801-2400 MST 
DAY BASE TOP TYPE BASE TOP TYPE BASE TOP TYPE BASE TOP TYPE 
(LOOW)I(1TOOM) *« (190M)( 100M) * {LOOMICLOOM) * (LOOM) CLINI) * 
i N N N N N N N N N N N N 
2 N N N N N N N N Ni M N N 
S} N N N N N N N N N N MN MN 
4 N N N N N N N N N N N N 
S N N N N N N MN N N N N N 
6 N N N N N N N N N N N N 
7 N N N N N N N N N N N N 
8 N Ni N N N N N N N N N NI 
9 N N N N N N N N N N N N 
10 N N N N N N N N N N N N 
11 N N N N N N N N N N N N 
12 N N N N N N N N N N N N 
13 N N N N N N N N N N nN M 
14 N MN N N N N Ni N N N N N 
is N N N N N N N N N N i N 
16 N N N N N N N N N N N N 
17 ~) 9 9 N N N N N N N ha N 
18 N N N N N N N N N N N N 
19 N N N N N N N N Ni i N N 
20 N N N N N N N N N N N N 
21 N N N N N N N N N N N Ni 
22 NI N N N N N N N N N N N 
(eae) N N N N N N N N N N N N 
24 N N N N N N Ni N N N N N 
25 N N N N N N N N N N N Ni 
26 N N N N N N Ni N N N N Ni 
zal N N N N N N N N N N N N 
28 N Ni N N N N N N N N N N 
29 N N N N N N N N N N N N 
30 N N N N N N N N N N N N 
31 N N N N N N N N N N N N 


NOTES FOR TY9E L=FRONTAL s 2=SUBSIDENCE s 3=RADIATION (SPIKED (-CHO) 
4=RADTIATICN (LAMINAR ECHO) G=UNKNOWN 
NEND INVERSE ON M=MISSING DATA GR UNKNOWN 


ACOUSTIC RADAR ANALYSIS 
FLATHEAD =NVIRONMENTAL STUDY MONTH GCF MAY 1970 


KER EEK FLAOST INVERSTON FREQUENCY OF QCCURENCE TABLE *% ee exs 


THICKNESS INVERSION BASE HEIGHT CIN METERS) 
(METERS) SFC 190 200 300 400 500 600 790 200 900 henArs 
———-TIME 09- 500 MST ----------------------~----------~---------------------~---+-- 
001-100 fo) fe) fe) ) ) 0) fe) 0 0 0 
101-390 9 9 ) 0 ) ) ) ) Oo 0 rs) 
301-500 11 0 a) fe) 9 ) ey my) 0 o 11 
501-900 5 0 0 Oo Oo ) 0 0 0 » 3 
NO INVERSION ¢ 
TOTAL 25 fe) fe) © ) ) ) ) Q 9 2 
---TIME 401-1200 MST ---------~—---~-----—------—~------~—--———-—-~----- ------~---+--- 
001-100 0 1 1 ) 9) 0 fe) ) fe) z 
101-300 1 8 4 t 1 ) ) 0 QO 9 15 
301-500 ) a) 3 Q 0) G 9) 9 Q 0 3 
501-900 re) fe) ¢) 6) 9 rs) 0 ) a) 9 0 
NO INVERSION es) 
TOTAL 1 9 B 1 1 ) fe) 0 9 9 31 
---TIME 1201-1800 MST -----~---~------------~-------------~---------+-------------- 
001-100 ) 1 fe) ) 0 ) fe) 1 0 0 2 
101-300 1 ) 1 fe) 1 1 O ) 0 3 A 
301-500 9 fo) fe) 9) ) ) ) 3 0 0 a) 
501-900 fe) 9) ) °) 9) fe) ) ») Oo fe P) 
NO INVERSION 25 
TOTAL i 1 1 ve) 1 1 ) 1 0 9 31 
—--TIM= 1801-2400 MST -------------~------—--------------—------------------------ 
001-100 5) ) ) f°) 9) fC) ) oy) ) 3 9 
101-300 19 ) ) ) o) ) 0 9 D) 9 19 
301-500 3 Q 6) ) ) 9) 0 9 9 3 3 
501-900 2 fo) e) ny) 9) fe) fo) 9) 9 ) 2 
NO INVERSION 7 
TOTAL 24 te) ) ) ) 0 ) ) O fe a1 
a --- - — -- --—---- FREQUTNCY SUMMARY FOR FIRST INVERSION ~----------------------- 
001-100 8) 2 1 ) 0 ) 9 1 0 ) 4 
101-300 30 3 5 1 2 1 O 0 0 a a7 
301-500 14 fe) 3 ) Oo Oo fe) 9 O 0 zi 
501-900 7 fe) o 6) 0 ) ) 0 Q ) 7 
NO INVERSION 49 
TOTAL 51 10 9 1 2 1 8) 1 Q a 124 


ACOUSTIC RADAR ANALYSIS 


FLATHEAD ENVIRONMENTAL STUDY MONTH OF MAY L980 
REXKEEE SECOND INVERSION FREQUENCY OF GCCURENCE TALE ke kee x 

THICKNE S5 INVERSION BASE HEIGHT CIN METERS) 

(METERS) SEC 100 209 300 400 5090 609 raeke) BOO 200 TOTAL 

—--TIME Os) CO a a ee ee ee ois 
001-109 0 9 9 @) 0) +0) 9 9 @) 1 i 
101-350 0) 0 1) 0; Le) .¢) 0 QO 9 0 te) 
301-509 9 9) 0 9) r) 0 0 O 0) @) 9) 
501-900 G e) 9 0 0 0 0 2) ) O e) 

NO INVERSION 30 
TOTAL 9 9 0 © 0 10) 0 8) ) 1 Ay | 

—--TIME SyO)IA Ulta) | ean) VE SS a a ea aaa Fa ed a ra a a do ae 
901-100 0) 0 0) Q 0 0 0 oO 0 9 8) 
101-300 fu 9 9 0 i) 0 ie) ie) +) Q i) 
361-590 oO 0 9) 0 0 0 0 G 9 0 0 
501-900 @) @) ie) ¢) 0 0 6) 8) ¢) 9 e) 

NO INVERSION 3 
TOTAL o 0 ie) 0 0) 0 0 @) 2) 9 21 

eta actin MURDER 22 OO McC) N00) RNS er a ra ca em em ae oe ee ee a ee oe cee ne aa a 
001-1090 0) 0 2 9 9 0 0 8) .) o 6) 
101-300 G 0 0 o 6 0 10) 9 0 G Q 
301-500 6) 9 0 9 0 0 0 1¢) 9 0 0 
501-9900 0) 0 9) 8) 0) 0 eo) 0 e) 8) 0 

NO INVERSITON Si 
TOTAL 9 e) re) @) 0 0 0 9 0 0) in| 

—~--TIM= 1301-2400 MST --- --- ee en on er rrr ren eee 
ooO1-i09 0 9 O 0 0 0 0 0 0 a) 2) 
1O1—30 o 0) Q 0 0 i¢) 0 6) 9 8) @) 
301-500 9 @) 12) 6 9 16) 9 6) 0 0 8) 
591-900 9 0) 9) 0 G6 0 0 8) 6 7) 0 

NO INVERSION 31 
TOTAL Q 8) 0 2) 0 6) 0 ®) 9 6) 34 

ES saat at ae ag oad ae FREQUENCY SUMMARY FOR SECOND INVERSION -—------------<-3-R----- 
001-100 ¢ 0 0 e) 0 0 6) 8) i) 1 1 
101-390 e) 0 0) 0 0 8) 10] i) 0 0 0) 
301-509 ( 19) 0 O 0 0 Q 0 0 1) 1) 
501-900 Q 0 0 O 0 0 0) 0 i¢) @) 2) 

NO INVERSION 123 
TOTAL ta) i) 0 ce) 10) 0 te) 6 9 1 124 


ACOUSTIC RADAR ANALYSIS 
FLATHEAD =NVIRONMENTAL STUDY MONTH OF MAY 1980 


eek ORE TWO HOUR STABILITY ANALYSIS % #308 aor dock Rg Rak BE SKE EH 


ws a a dS ck Oe Aegean nee oe ee i Se ee eee ee 
DAY 02 04 6 03 10 12 14 LS 1e 20 aD 24 

1 F F 2) 8 3 é c D t F 
2 = F D Cc c c e E D F 
3 E E E D Cc c C G Cc F rE 
4 F F F D Cc c G C e F = 

5 F a E D C Cc 3 3 Cc F F 
6 E E e C Cc G C FE 0 ) » 

7 D » D 0 D Cc (s E D E r E 
B E = = D F a Cc Gs Cc D r c 
9 F & a E D C E = FE D F = 
10 E = D ‘@ c D Cc e Cc F = = 
it F F F D Cc c C E G G e F 
12 F F F p c c as i) c E E E 
13 & = a D Cc Cc C a c Ee & FE 
14 F F F D B B Cc C c E FE F 
15 F F r D Cc C Cc Cc D = E 
16 & E E D ‘G C Cc c C F = 
17 F E E D Cc Cc c G Cc 8 F = 
18 F = = D Cc C Cc GC Cc E t F 
19 F: r ral DY Cc C c a C D r f 
20 E E E D C Cc c @ O E i 
mt E Ee € FE PD) A Cc c D E e E 
22 E E E dD Cc C C > Cc D p 5 
23 ms) D D D D 8) D D ) » p D) 
24 D = D B 31 rs) Cc D F = 
25 E E E £ 9) c Cc 4 M M M 4 
26 mM M M M Mw M M ) M M M M 
27 M M M M M M M M M M “ M 
28 M M M M M M M M M M M M 
29 M uM M M M M M 4 M M m M 
30 M M M M M M M M “4 M “ uM 
31 M M M M M M M M M M M M 


2ERCENT FREQUENCY OF OCCURENCE FOR EACH CATEGORY 
A= 020 %  %= 4e0 % C=? 4e5 % D=LoeDd % F=H1990e9 % F=14.0 % 
= O00} & M=200e7 % 
NOTES U=UNKNOWN M=MISSING DATA 


CLAUD COVER CONDITIONS USED FROM NWS STATION AT KALTSPEEE 
WIND DATA USED FROM NWS STATION AT KALISPELL 


ACGUSTIC RADAR ANALYSIS 


FLATHEAD “NVIRONMENTAL STUDY MONTH OF JUNE 1°80 
WERKE KEKE SE MRE KEK EPR SGT INVER STON 2 te 0 i te ee a tk ok a a tk ee ge a kak a a 
00039-0600 MST Q6001-1200 MST 1201-1800 MST WSOt—2400 MST 
NAY BAS TOP TY PE BASE TOP TYPE BASE TOP TY 2F: DASE TOP TYPE 
CLOO0OM“)CLOOM) * CLOOM)C LOOM) * (LOOM)CLOOM) * (LOOMJCLOOM) * 
1 Ni N N N N N N N N N N N 
2 N Ni N N N N 2 3 9 @] s 3 
3 0 & 3 N Ni N N N N 0 2 fa! 
4 c@) = 3 i 4 %) N NI N @) & iG 
S 8) a 3 i J i) N Ni N Oo 3 3 
6 O a 3 1 2 3 N N N N N iN 
v4 1@) 4 3S 3 5 3 Ni N N 0 3 3 
8 9) 4 3 i 5 3 N N N 0 7a 3 
9 9] S %} i a 3 N N N ce) 4 3 
10 is) 5 3 1 4 3 0 5 7S} @) 5 ee 
Li 0 4 3 1 4 s M N N 9] 3 3 
12 @) a es 6) 3 3 N N Ni 0 2 3 
13 0) 2 a4 1 = 4 3 4 4 0 1 % 
14 9 4 3 1 4 i) 2 | 3 9 .@) 3 
15 0 4 oy 3 5 3 5 6 cs D 5 3 
16 10) iy S| i is 3 N N N 1 4 3 
17 ‘@] & 3 6) a g N N N 2) 2 3 
18 16) 4 3 1 3 iS N N N 9 5 3 
19 @) 5 3 i 3 3 be] N N ¢) 2 23 
20 0 a 3 2 5 3 4 :s 4 0 | 3 
21 9D 5 3 i 3 Si N N N 9 3 ay 
22 1) 45 3 2 7 s N N N 0) a 3 
23 O 4 3 1 | 3 0 iz & 0 3 4. 
2 re) 4 3 N N N N N NI 4) 3 3 
25 9) 5 3 i A 3 N N N @) 3 3 
Pod &) (®) ty a) re Tv 3 e! 6 4 9 3 =) 
eat 6 6) 3 3 N N N N N N 9 3 3 
23 oO 3 a i 4 3 N N N 9) 2 ey 
29 ‘e) & ES 1 6 u3 N N N 0 2 3 
30 2) 4& 3 i a 3 N N N 6) 2 3 


eR tok a KK RRR GECOND TNVERSION %eR KR RRR RR KEK ERIK ERE KEE EERE EK KEK KEK EE 


0009-0600 “ST 9601-1200 MST 1201-1800 MST 1391-2400 MST 

DAY BASE TOP TYPE 3ASE TOP TYPE BASE TOP TYPE BASE TOP  TYes 
CLOOMI(1900M) & CLOOM)ICLOOM) * €100M)(100M) * (1004)(100M) * 

i N MN N N N N N N N N N N 
2 N N N N N N N N N N N Nj 
3 N N N Ni N N N N N N N N 
& N N N N N N N N N Bi ne) ne 
5 N hj N N N N N N N N N N 
6 N N N N N N N N N N N N 
qT N N N N N N N N N NM N ~“ 
8 N N N N N N N N N N N N 
9 N N N N N N N N Nl MN N N 
10 N N N N N N N N N N N oN 
il N N N N N N N N N N N hy 
12 N N N N N N N N N N N 
13 in N N N N N N N N N N N 
14 N N N 6 8 3 5 7 3 Ni N N 
15 N N N N N N Ni N M Nj NM N 
16 N N N N N N N N N N rd N 
17 N N N N N N N N N N N N 
is N N N N N N N Ni N N N N 
19 N N N N N N N N N N N N 
290 N N N N N N N N N N N NI 
21 N N N N WN N N N N N N NM 
22 N N N N N N N N N N N M 
23 N N N N N N N N N N N N 
24 N NX N N N N N N N N N N 
25 N N N N N N N N N N N N 
26 N N N N N N N N N N N N 
27 N N N N N N N N N N N N 
23 N N N N N N N N N N M N 
29 N N N N N N ty N N N N N 
30 N N N N N N N N N N N Nj 


NOTE: Fo? TYPE L=FRONTAL »s2=SUSSIDENCEs3=RADIATION (SPIKEO CHO) 
4=RADIATION (LAMINAR ECHO) 9=UNKNOWN 
N=NO TNVERSTION M=MISSING DATA 7R UNKNO#N 


FLATHEAD 


ENVIRONMENTAL 


ACOUSTIC RADAR ANALYSIS 


STUDY MONTH OF JUNE 1980 


KREKSER FLTRST INVERSION FREQUENCY OF GCCURENCE TABLE *****x* 


THICKNESS 


(METERS) SEC 
-—--T IME O-—- 600 
001-100 9) 
101-300 4 
301-500 20 
501-900 a 

NO INVERSION 
TOTAL 23 
—=—-TIME o60%-1209 
oo1-100 Q 
101-300 i 
301-500 1 
501-900 Q 

NO INVERSION 
TOTAL 2 


—-—-TIME 1201-1800 


001-100 6) 
101-300 1 
301-500 1 
501-900 9 
ND INVERSION 
TOTAL 2 


~--TIME 1891-2400 


001-1006 i 
101-300 21 
301-500 4 
$01-9906 1 
NO INVERSION 
TOTAL 27 
001-100 1 
101-300 27 
301-500 26 
$01-900 5 
NG INVERSION 
TOTAL 59 


INVERSION BASE HEIGHT (IN METERS) 


190 200 300 400 500 600 700 6890 200 TOTAL 
MSV ---------- == - a = 

) (0) oO 16) (0) c¢) Oo @) ¢) 9] 

re) 0 ta) 0) 0) +0) 8) 3) 6) 4 

0 0 Q r¢) ‘@) 10) .¢) @) y 29 

1¢) 18) 0 0) 0 r6) oO @) 3 4 

2? 

Q 9 @) (@) 9 is) oO +?) (9) an 
MSV -- 3 ewer nnn nnn nr rn eee 

1 9 +0) 0 ¢) 0 QD 6) 3 i 

14 1 2 0 ‘¢) 6] +¢) oO 6) 13 

3 2 c¢) 0 if) 1@) ) Oo a) 6 

6) 0 0 9 0 0 6) 6) 9 Oo 

5 

18 3 2 16) 0 f@) O 9 ) 29 
MGT - a - mm n nr rrr eee e  - 

9 2 I i i 0 Q oO 9 5 

ce) 0 1 9 16] 9) 2) 0 ) 2 

i@] g 9 i@) GC r¢) Oo io) ‘¢) 1 

Q 0 (0) 6) c¢) 0 9 C 9 6) 

22 

oO 2 2 i 1 re) 0 9 30 
WOT —-—----—-——-——— — = = = = a = ee SF 

re) 9 0 9 +6) (0) 9 6) 3 1 

1 0 18) 0 oO e) 9 9) 9) a2 

0) @) 9 0 .@) @) Oo Oo 2 re 

6) 6) 6) ¢) O 0) 9) 0 re) 1 

2 

1 0) 0 ie) O 6) re) 0 ) 30 
FREQUENCY SUMMARY FOR FIRST INVERSIGN -h-3rrror-cror coon 

1 2 i 1 1 0 @] 0 ra) is 

15 1 3 Oo Oo 0 0) @] Q 46 

3 2 .6) te) ce) 10) r¢) O 3 = le 

0 0 0 0 0 16) 8) (@) 9) = 

31 

19 5 4& 1 a 0 0) 8) Oo 129 


ACOUSTIC RADAR ANALYSIS 
FLATHEAD ENVIRONMENTAL STUDY MONTH OF JUNE 1939 


eee RR SECOND INVERSION FREQUENCY OF OCCURENCE TABLi *e#*¥*% 


THICKNESS INVERSION BASE HEIGHT (IN METERS) 
(METFRS) SFC WOOW. 2060)') 1300) 400 > 500 600 THO A00) 900, TOTAL 

—--TIME 0- £00 MST ~----------------~----------------~---- -------- +--+ ++ +--+ +--+ 
001-100 9 my) 0 9 ) 0 0 0 0 ) 9 
101-300 0 ) 9 0 0 0 0 0 0 0 0 
301-500 0 Oo 0 0 0 0 Oo 0 0 0 6 
501-900 0 ) 0 0 0 re Oo 0 oO 0) 0 

NO INVERSION 39 
TOTAL ) 9 0 tf) 0 © ) 0 9 0 30 

---TIME 501-1200 MST ------------------------~--------~~~~-- ~-~--~+---+--+~-~--------- 
001-100 a) 0 a 0 ) 0) ) 0 Oo 0 0 
101-300 0 9 ) 0 0 ey) i 0 0 0 l 
301-500 0 Oo o a) ) ey 0 0 Oo 0 ) 
501-900 0 9 0 0 0 0 ) 0 fe) 0 0 

NO INVERSI IN 29 
TOTAL 0 fe) 0 0 0 ) 1 0 o 0 30 

—--TIME 1201-1300 MST ---------------- ------------------------- ------------------ 
901-100 ° ) e) 0 0 fe) re) 0 fe) ) 0 
101-300 0 0 o ) Oo 1 ) 0 0 0 1 
301-5090 0 fe) 0 ) 0 fo) ) ) 0 ) 0 
501-900 O Oo 0 0 oO O 9 0 ) 0 0 

NO INVERSION 29 
TOTAL © 0 0 0 0 1 ) 0 0 30 

—--TIM= 1801-2400 MST -------—------------—--------------~------~+~--~+-+~+------------ 
001-100 0 0) Oo o ) ) 0 0 ) 9 0 
101-300 0 0 0 0 0 ) 0 9 0 0) ) 
301-500 9 Q 0 0 e) oO 0 0 0 0 0 
501-900 0 0 0 fe) oO oO 0 re) 0 0 o 

NO INVERSION 30 
TOTAL ) 0 0 9) 0 fe) fe) ) 9 0 30 

—----~-----~-—--- FREQUENCY SUMMARY FGR SECON) INVERSION —--------------------- 
001-100 0 ) 0 9) oO 0 fe) 6 a) O re) 
101-300 Oo ) 0 Oo ) 1 1 0 5) 9 2 
301-500 0 0 O O 0 ey) ) 0 0 fe) a) 
501-900 0 e) 0 Oo 7) 0 0 Oo 0 0 Oo 

NO INVESSIUN 118 
TOTAL ) 0 ) ny) f) 1 1 fe) fe) re) 120 


ACOUSTIC RADAR ANALYSIS 


FLATHEAD ENVIRONMENTAL STUDY MONTH OF JUNE 1980 


ee KREKEK TWO HOUR STABILITY ANALYSTS ®& RK RRR REE REE ER EEE ER EEE 


A ee HOUR oe ee 
DAY ~~ O02 04-86 + OB bO~ oo 4 ccLi6l.ckece 20M B22 oBet 

1 M m4 M M M v M M M u 
2 M M M a] M D GE C E = te 

3 e F O D D D C c 9 F f= 
a F F F ny c E C c C b FE = 
5 F 2 F 9 B e C C ‘e a c é 

6 D 5 D c c c ” M M M u 
7 z E E C Dy A é 3 8 é F F 
8 e E E c D A A C Cc D = F 

9 F E E ( c >) @ c a © F E 
10 F F FE C D 8 c c E E E E 
il E E E = D c 5 5 B D = = 
12 = = E E E D c € D E E = 
13 D ) D D c é c B 8 € D D 
14 Ee F F 8 Dp A C & D 1 io = 
15 ) E E 3 c c c C E e F D 
16 & E E 8 D A Cc c Cc D E F 
17 F F e E D B c C D E F E 
13 F F F C D c ‘e C D D = = 
19 F = 2 Cc D c e C c F = F 
20 = Ss & re Cc 8 A 0 E E E E 
21 E F F B D c c c Cc E F E 
22 ) = E 2 c D D € Cc ; F 2 
23 E = e E D C C E E E F e 
24 = E E 0 c C Cc C nD D £ E 
25 E E E E ) c c c D E F 
26 E Ee = = D a 9 C D D p 
27 E E = QD D D D D D = E E 
238 E F F Cc o c c ‘e D FE Ee E 
29 FE e E fe C re) c c Cc E = = 
30 = e F F D Cc c € C 5 Ee F 


2=RCENT FREQUENCY OF QOCCURENCE FOR FACH CATEGORY 
A= let % G= 404% C=24.2 % D=2005 X% Ve=e2oeGn~ oon 
U= 0200 % M= 604 % 
NOTE? U=UNKNOWN M=MISSING DATA 


CLOUD COVER CONDITIONS USEN FROM NwS STATION AT KALISPELL 
WIND DATA USED FROM NWS STATION AT KALISPELL 


200 copies of this public document were published at an estimated cost of $10.43 per copy, for a total cost 


of $2085.15, which includes $2030.15 for printing and $55.00 for distribution. 


